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ABSTRACT
In 1998 a cross-sectional study on goat health and management was conducted in
eastern and western Uganda. This study involved 1518 goats which were distributed in 145
herds in 5 districts, namely Kumi, Masaka, Mbarara, Soroti and Ssembabule. Cluster
sampling was used to select farms across the two regions. A questionnaire on goat health,
management and constraints to production was administered to 145 goat owners. Blood
and nasal swabs were collected from a random sample o f goats. For each goat a physical
examination was performed to detect presence o f clinical conditions. Serological assays
for contagious caprine pleuropneumonia (CCPP), peste des petits ruminants (PPR) and
brucellosis were performed. Bacterial cultures were done to isolate the genera of bacteria
in goats with clinical respiratory conditions (CRC). Another aspect o f this study involved
collection o f gastrointestinal tracts from the abattoir to determine the prevalent nematode
worm types and corresponding burdens as assessed through worm and fecal egg counts.
Brucella melitensis was detected in 9.8% (141/1446) o f the goats and these were
distributed in 43.4% o f the farms. Abortions were reported in 52% o f the herds. A
simulation model for transmission dynamics and control options for brucellosis in goats
was developed and is described. Considering individual goats, CCPP, PPR, mange, orf,
hoof conditions, abscesses, CRC, and infestation with ticks were detected in 29.7%
(246/827), 0.5% (8/1466), 0.7% (10/1506), 3.2% (47/1475), 15.7% (237/1509), 2.2%
(33/1508), 17.5% (262/1493) and 28.7% (1423/1509) o f the goats, respectively. The
corresponding distributions o f CCPP, PPR, mange, orf, hoof conditions, and CRC at herd
level were 55.1% (38/69), 2.1% (3/142), 4.1% (6/145), 10.3% (15/145), 51% (74/145) and
x
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29.7% (43/145), respectively. Putative risk factors for diseases detected were identified
through multivariable logistic regression models.
These results have revealed a need for active disease surveillance in goats in
Uganda and a need for educating farmers on biosecurity and modem goat management
practices. This study was done in only two regions o f the country and is prone to biases
associated with cross-sectional designs, thus more studies, preferably longitudinal, are
needed to further investigate diseases and production constraints o f farmers along with
possible intervention measures.
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CHAPTER ONE
GENERAL INTRODUCTION AND REVIEW OF BIASES ASSOCIATED
WITH CROSS-SECTIONAL STUDY DESIGNS
1.1. Background of the Goat Study in Uganda
Uganda is situated in East Africa and shares borders with Kenya, Tanzania,
Rwanda, Zaire and Sudan. Uganda covers an area of 236,040 km2 and has a tropical
climate. Most o f the country is endowed with high rainfall and good vegetation. This
climate is conducive for both crop and livestock agriculture, thus making agriculture the
largest contributor (55.3%) to Uganda’s gross domestic product (Anon., 1997). Eighty
percent of Uganda’s labor force is involved in agriculture. In 1993, the human population
in Uganda was estimated at 19.3 million and was increasing at a rate o f 2.69%.
The trends in the human population have called for an increase in food supply,
particularly animal protein (Winrock International, 1992). The level o f both crop and
livestock production does not match the increase in human population. This shortage in
food supply has been aggravated by decades o f political instability, dilapidated economy,
impact of diseases like AIDS and malaria on the rural labor force, animal diseases, and the
general increase in the cost o f farm inputs (FAO, 1995; Bamusonighe and Kasirye, 1998;
Kiwuwa, 1998). Studies on food security and its effects in Uganda have been conducted
and reveal a need for increased agriculture and promotion o f farmers who are self reliant
(FAO, 1995).
The majority o f Ugandan farmers live in rural areas and have limited land and
capital for extensive agriculture. Beef is the most emphasized and major source o f animal

1
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protein in Uganda (Kiwuwa, 1998), but due to the increase in the human population, the
subsequent reduction in land available for agriculture, limited farm inputs, and lack of
government subsidies, cattle are no longer the best option for increasing animal protein for
human consumption. The majority o f farmers, who are small-holders, can not afford
medium-to-large scale dairy or beef operations. Goat production is an alternative and has
been recommended elsewhere (ILCA, 1979; Nfi and Ndamukong, 1997).
Goat rearing is not capital-intensive and most people in Uganda prefer goat meat
to other meats. In addition its is easier to rear goats than cattle and goats require minimal
veterinary care (Amin and Silsmore, 1993). Apart from their protein and skin values as
well as income generation, goats are regarded highly in all Ugandan cultures for their use
in traditional ceremonies like dowry (Okello and Obwolo, 1984; Okello, 1985). Goats and
their meat are in short supply. This is aggravated by the recent increase in demand for live
goats by Middle East and north African countries. This market is available for live goats,
goat-meat, and skins; especially o f Mubende goats in which the skin is known to be o f high
quality (Siefert and Opuda-Asibo, 1994).
Following the general agreement on tariffs and trade (GATT), the world trade for
agricultural products has become more favorable for those countries which can offer high
quality products in sustainable amounts (Sliter, 1997; Flachowsky, 1999). Surveys by
ILCA (1979) indicated that in tropical humid areas o f Africa the potential for increased
goat productivity is high and is attainable if diseases, the major constraint to production,
could be addressed.

2
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The population o f goats in Uganda was estimated at 2.0 million in 1983 and at 3.7
million in 1991; these goats were distributed over 50% o f non-urban households (Okello,
1985). Current figures estimate the Ugandan goat population at 5.5 million which is higher
than that o f cattle (Kiwuwa, 1998). Naturally selected indigenous goat breeds are
predominant in Uganda and three o f them are recognized: the Mubende goat, Small East
African goat and the Kigezi goat (Siefert and Opuda-Asibo, 1994). However, other breeds
(in the order o f their numbers: Boer, Toggenburg, Anglonubian, Saancn, French Alpine,
and Angora) are also available.
Limited studies on production, reproduction, nutrition and goat breed
characteristics have been conducted mainly under station conditions (Katongole and
Gombc. 1985; Katunguka-Rwakishaya, 1996; Okello et al., 1998). In these studies,
helminthosis, trypanosomiasis, poor reproduction, and poor encrgy-protein balance in
common feeds were identified as causes o f losses in production. Mortality rates o f up to
17% have been reported in some goat herds. Kid mortality is believed to be high and in one
flock study 50% o f the losses in kids occurred before weaning (Okello, K.L., unpub.
obscrv., 1996). Published data on goat health and management in Uganda is lacking.
Scanty disease information is available and comes mostly from diagnostic laboratories or
local studies following outbreaks. Although the importance o f goats is increasing and there
arc numerous non-govemmental organization (NGO) projects aiming at boosting the
population o f goats, no systematic epidemiological studies have been undertaken on
management and disease aspects o f goat production under farm conditions. This situation
is similar to that in Kenya and Spain where it was observed that small ruminants receive
3
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minimal healthcare compared to other domestic livestock (Lipner and Brown, 1995;
Mainar-Jaimc and Vazqucz-Boland, 1999).
The international requirements for biosecurity, establishment o f national baseline
disease prevalences, continued animal disease monitoring and surveillance, and having
emergency preparedness programs in place have been well reviewed by Hueston (1993)
and by the FAO (1999). The need for establishing a surveillance system for PPR
(Wamwayi ei al., 1995) and for other diseases (Twinamasiko el al., 1998) in Uganda has
been discussed. If Ugandan small ruminant producers are to maintain their hold on internal
and international markets, they will need to increase their production and declare their
products safe for human consumption. This process will require information on freedom
from disease agents in food products (e.g. Brucella, E. coli 0157:H7, Salmonella
typhimurium DT 104 and Campylobacter), feed additives in use, and improvement o f
husbandry practices: an aspect hitherto not well addressed. This study was therefore
designed to document the distribution o f current management practices and health
characteristics o f goat farming in the eastern and western regions o f Uganda. The diseases
identified as most important for the serological survey and for which affordable test kits
were available include brucellosis, contagious caprine pleuropneumonia (CCPP), peste des
pctits ruminants (PPR) and caprine arthritis and encephalitis (CAE). For clinical respiratory
diseases special attention was given to pasteurellosis in goats in Mbarara district, western
Uganda.

4
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1.2. Review of Biases Associated with Cross-sectional Study Designs
Traditionally, information on the distribution o f livestock management practices,
diseases and economics of farm enterprises has been collected through cross-sectional
studies or through population surveys. Usually, the latter approach does not attempt to
statistically associate the various management practices with disease occurrence whereas
the former does and is often a method o f choice for generating initial etiologic hypotheses
that can be evaluated using analytic study designs. Detailed information on the features of
cross-sectional study designs (CSSD) is found in Kleinbaum et al. (1982), Kelsey et al.
(1986). Thrusfield (1995), Sahai and Khurshid (1996) and in Rothman and Greenland
(1998). In veterinary medicine, CSSD have been used extensively and this is probably
because they are relatively cheap and easy to execute. Cross-sectional studies are
population-based and if probability sampling is used to select study subjects, these designs
offer reasonable external validity (Kelsey et al., 1986). As pointed out by Kleinbaum et al.
(1982) this feature does not guarantee validity o f causal inferences made from crossscctional data. The other strength o f CSSD is that for a given study outcome, various
potential exposure factors can be recorded and evaluated. Similarly, multiple outcomes
(e.g. diseases) in CSSD could be investigated using independent covariate profiles o f the
study subjects. Unlike case-control study designs in which the outcome must be a binomial
variable, CSSD allow measurement o f both binomial and quantitative outcomes.
Despite these strengths, CSSD are fraught with a number o f limitations. They are
not suitable for studying outcomes that are rare or whose frequency and impact greatly
vary with time (Kleinbaum et a/., 1982; Rothman and Greenland, 1998). Furthermore, in
5
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CSSD (especially on livestock diseases), it is difficult to distinguish between incident and
prevalent cases, between antecedent and consequent potential disease-risk factors, and to
determine the length o f survival o f individuals affected and those not affected by the
hypothesized factor or the variable to be measured (Kleinbaum et al., 1982; Kelsey et al.,
1986; Hennekens and Buring, 1987). Differential or selective survival of study subjects
(survivor bias) could lead to selection bias and thus distort estimators o f measures o f
association in CSSD (proxies for risk measures in analytic studies). The impact o f survivor
bias will depend on the level o f mortality in the factor-outcome subpopulations, and also
on the relationship between fatality rate and the targeted outcome variable in the
population (Kleinbaum et al., 1982; Boerma et al., 1992).
Since there is no follow-up o f the target population, it is possible to miss some
latent and subclinical cases o f the disease o f interest during cross-sectional sampling. This
bias could be a result o f the property o f the disease itself or the diagnostic test used (e.g.
sensitivity, specificity or negative and positive predictive values). In Uganda livestock
producers, especially those at subsistence level, keep minimal, if any, farm records. This
together with the relatively low-level o f education may pose a risk o f recall bias and
subsequent misclassification of subjects with regard to their exposure and disease profiles.
Thus the potential for recall bias that is associated with collection o f information through
interviewer-administered questionnaires may also lead to selection bias, even when the
content o f the questionnaire is valid. Methods that ensure information and questionnairecontent validity and reliability have been developed for implementation at questionnaire

6
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design or data analysis level, and tend to reduce measurement error and to improve the
inferences from CSSD (Fleiss, 1981; Scholl, 1992).
Measurement error could also accrue from inherent properties of diagnostic assays
or instruments used to measure exposure or the outcome or from data recording. The bias
in single or repeat cross-sectional studies that is attributable to measurement error has been
reported (Bennett, 1994). Methods that may reduce biases in CSSD include use of
questionnaires designed using standardized protocols (Scholl, 1992), evaluation of
reliability and repeatability of questionnaire responses using statistical measures of
agreement or dependency before estimating measures o f association between the
hypothesized risk factor and the outcome (Fleiss, 1981), and potentially use o f multiple
measurements on a subject at the expense o f sample size as in prospective studies (Phillips
and Smith, 1993).
Measures o f association (e.g. odds ratios) obtained from CSSD are one-point-intimc estimates o f disease risk (McMurray, 1996). The biases in such point-estimates could
further be aggravated by lack of randomization in subject selection or by inability to obtain
a representative sample (Kleinbaum et al., 1982) and may reduce the validity and precision
o f measures obtained from cross-sectional studies.
In CSSD it is usually difficult to establish a temporal relationship between potential
risk factors and the outcomes o f interest. Knowing that a confounder should increase the
disease risk on its own and be statistically associated with a risk factor of interest, it often
becomes impossible to positively define the risk of disease that is associated (or
attributable) to a target exposure factor. Thus in CSSD it may be more meaningful to only
7
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speculate that a factor is associated with some risk o f disease if a statistically significant
association can be inferred between a factor and the outcome. This inability to define risk
in CSSD, therefore, makes it conceptually difficult to define true confounding effects o f
covariates and to effectively interpret conventional disease-risk measures (such as relative
risk) estimated from CSSD. From the foregoing discussion, it seems reasonable to reserve
the term confounding to situations where risk can clearly be defined (e.g. in CSSD where
a temporal relationship can be clearly established from records or from features o f study
subjects that do not vary overtime such as sex and breed and in analytic designs such as
cohort studies). This author suggests use o f a term such as ‘Distracting’ or ‘Mystifying’
factors for covariates measured in CSSD that exhibit a behavior analogous to confounding
in prospective studies.
Although the biases in CSSD and other study designs have been recognized and
reported elsewhere (Kleinbaum et al., 1982; Kelsey et al., 1986; Hcnnekens and Buring,
1987; Bennett, 1994; McMurray, 1996; Rothman and Greenland, 1998) and a number o f
measures of effect for CSSD have been suggested (Fleiss, 1981; Lee, 1994; Thompson et
al., 1998; Skov et al., 1998), there is very limited published work on the potential influence
(bias) ofcovariates (whose frequency of occurrence and effect vary with time) on estimates
o f measures o f association obtained from cross-sectional studies (Meinert etal., 1994). For
longitudinal studies running over several years and therefore at a higher chance o f having
subjects whose covariatc patterns change overtime (and could even switchback to initial
patterns), methods such as Cox proportional hazards models and pooled logistic regression
have been developed to reduce the biases (Dr. Walter C. Willet, pers. comm., 2000).
8
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Despite the shortfalls and biases described in the preceding paragraphs, CSSD
remain a widely used tool for population-based epidemiologic studies. If large probabilitybased samples are drawn, measurement error and recall bias are minimized and estimates
o f effect-measures are interpreted in view o f lack o f a temporal relationship between
factors and outcomes, CSSD produce useful and reliable results (McMurray, 1996). CSSD
also form a good basis for exploring the frequency, distribution and effect o f a large
collection o f hypothesized disease risk factors in diseased and health subpopulationswhich is the object o f this study.
1.3. Goals of the Study
To document the distribution o f the current management practices, cross-sectional
prevalences and spatial patterns o f selected diseases o f goats in eastern and western
Uganda. The information gathered will be used for identifying some constraints to goat
production, designing future studies and for formulating intervention programs. A
secondary goal o f this study was to start a serum bank for future trace-back studies in the
Department o f Veterinary Public Health and Preventive Medicine, at Makererc University.
1.4. Research Objectives
1.

To characterize and document the distribution o f current management practices of
goat farmers in eastern and western Uganda.

2.

To estimate cross-sectional prevalences o f some major goat diseases in eastern and
western Uganda.

9
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3.

To determine the distribution and associated risk factors o f clinical respiratory
conditions o f goats on farms surveyed and to determine the bacterial agents
involved.

4.

To estimate gastrointestinal nematode burdens and types o f parasites prevalent in
goats slaughtered at Kampala Meat Industries (KMI) abattoir as a preliminary step
for more detailed parasite studies.

5.

To identify, through a statistical and/or mathematical modeling procedure,
husbandry practices that are associated with poor health and occurrence o f selected
diseases (e.g. brucellosis, CCPP and PPR) so as to recommend approaches for
intervention.
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CHAPTER TWO
DESCRIPTIVE ATTRIBUTES OF HERDS AND INDIVIDUAL GOATS
EXAMINED IN A GOAT HEALTH AND MANAGEMENT STUDY IN
EASTERN AND WESTERN UGANDA
2.1. Introduction
Goats form an important component o f the animal industry in Uganda. In 1983 the
majority o f goats were found in eastern and western Uganda (Okello, 1985). The goat
population decreased from 2.5 million in 1963 to 2 million in 1983, then increased to 3.7
million in 1991 and was estimated at 5.5 million in 1996 (Jameson, 1970; Okcllo and
Obwolo, 1984; Kiwuwa, 1998; Kiwuwa G.H., 1999, pers. comm.). Most farmers raise
goals on subsistence level. Management practices vary with the region o f the country and
intensity o f crop agriculture and include tethering, free-range browsing, mixed herding
with cattle, intensive rearing in slatted floor houses, and hand-feeding in compounds
(Sicfcrt and Opuda-Asibo, 1994; Okello et al., 1998). Feeding is usually on unimproved
pastures or with supplementation from kitchen refuse and home-grown legumes such as
Leukaena leukocephaia, Cesbania, and Calliandra.
Although there are no records on the usage o f dietary supplements in goats in
Uganda, it is known that provision o f good-quality minerals or supplementation with
concentrates is rare for goats under most husbandry systems. Like in western Kenya,
availability o f forages tends to vary with season and shortages normally occur in the dry
periods o f the year (Rutagwenda et al., 1990; Okello et al., 1998). A few farmers feed
concentrates and in some cases this has been associated with enterotoxaemia (Siefert and
Opuda-Asibo, 1994).
14
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In Uganda poor goat health and productivity has been attributed to predators, long
kidding intervals as a result of anoestrus, occurrence of diseases such as contagious
ecthyma, helminthiasis, trypanosomiasis and brucellosis (Katongoleand Gombe, 1985;
Siefert and Opuda-Asibo, 1994; Katunguka-Rwakishaya et al.. 1996; Nakavuma et
al.. 1999). In Mali, losses to predators, injuries and malnutrition account for 40% o f kid
mortality (Ba et al., 1996). In the neighboring Tanzania, diseases account for 40-60% of
the losses in small ruminant production (Mtenga et al., 1986). The level, distribution and
impact o f these factors in Ugandan goats has not been quantitatively established.
The purpose o f this study was to estimate the distribution o f current management
practices o f goat farmers and to determine cross-sectional prevalences of selected diseases
(detected clinically or serologically) o f goats in eastern and western Uganda. Diseases
studied were selected on the basis o f their potential impact on animal production,
international trade implications, public health importance, and availability of affordable
diagnostic assays. Data on diseases detected by serology arc reported in Chapters 3 and 5.
2.2. Materials and Methods
2.2.1. Area of study
This study covered three districts in western (Mbarara, Masaka and Sscmbabulc)
and two districts in eastern (Soroti and Kumi) Uganda. Originally Masaka and Ssembabule
were one district called Masaka while Soroti and Kumi districts were also one district
called T eso. Most o f the areas in Soroti and Kumi districts are similar in climate, landscape
and inhabitants. The same is true for Mbarara, Ssembabule and part o f Masaka district.
These five districts were chosen to maximize the number of goats available for study, as
15
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well as to capture a variety of management practices across different agroecological zones.
These districts were also selected because o f their spatial location, accessibility, and
presence o f refrigeration facilities for sample handling. Most farmers in Mbarara,
Ssembabule and part o f Masaka district are traditional livestock producers, have large
pieces o f land which are relatively dry, crop agriculture is minimal but cattle pastoralism
is common (Schwartz et al., 1996; Kabasa et al., 2000); while Kumi, the greater part of
Masaka and Soroti, districts are less dry and most farmers practice mixed crop and
livestock agriculture on rather small plots o f land and goat management methods such as
tethering are more common than in most parts o f the west.
2.2.2. Study design
Uganda lacks a comprehensive information system on numbers and location of
animal populations and their diseases. Movement of livestock across district and
international boundaries is common. In addition, most domestic animals in Uganda are not
positively identified. Thus it is difficult to construct complete sampling frames for
livestock studies. Furthermore, most farmers lack communication facilities such as
telephone and post office addresses. These issues make disease detection, prevalence
estimation, reporting, and tracking o f animals difficult and may facilitate disease spread.
This, therefore, presents a problem when long-term sampling for seasonal trends in disease
(e.g. incidence studies) and management practices is desired. In repeated prevalence
surveys, this may not be a big problem since the interest is to quantify the amount of
disease or frequency o f a given management practice at a particular point in time, which
is the intention of this study.
16
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In agriculture, lack of list frames o f enumeration units has been addressed by
developing area frame sampling (AFS) techniques, a form o f cluster sampling (Anon.,
1975). Although this strategy amplifies sampling errors, it is economical and gives reliable
results if the sample size is large enough (Anon., 1983; Levy and Lemeshow, 1991).
Area frame sampling strategy combined with probability sampling within herds
was chosen to meet the specific objectives of this study. Type o f land use is recommended
as a criterion for designating clusters for AFS sampling (Anon., 1983), but was rather
difficult to implement in Uganda due to lack o f current maps or aerial photographs
showing land use. Maps o f land use available from Uganda National Biomass Project are
expensive and not detailed enough to be of high value for livestock sampling. Use o f
administrative boundaries has been recommended for AFS where physical landmark
boundaries exist (Mr. George Hill, USDA, Fort Collins, Colorado, pers. comm., 1997). The
sampling procedures followed in this study are briefly discussed below.
For each of the five target districts, information on general goat distribution was
sought from the District Veterinary Officer (DVO) or a veterinarian in charge o f the area
to obtain a rough picture of which counties had the majority o f goats in the district.
Counties with large numbers of goats were selected for further sampling. For each district
the county or the counties selected were Kumi in Kumi; Bukoto-west, Butego, Kalungu,
Mukugwc and Rwengo in Masaka; Nyabushozi in Mbarara; Mawogola in Ssembabule; and
Scrcre in Soroti district. Further sampling was done according to local administrative
partitions o f counties. In some districts (e.g. Mbarara, Ssembabule and Kumi), counties are
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very large and in view of the available manpower and other resources, only one county was
considered manageable and was conveniently selected for sampling.
In Uganda, counties are divided into sub-counties, parishes and local administrative
councils (referred to as LC zones or simply zones, the lowest and smallest being the LC
I zone). Sub-counties and parishes were not considered to have a big influence on the
distribution of disease and management practices. Thus further sampling was done with
LC I zones as the primary sampling units. For each county a list frame o f all LC I zones
was constructed using information from Mr. Ali Karat unga o f the Uganda National Biomas
Project, LC Zone Chairmen and Animal Husbandry Officers. Using random number tables
(Thrusfield, 1995), 30-50% o f the zones in each county were selected. For each LC I zone
chosen, a list frame o f goat farmers (used as a proxy for herds) was constructed with the
help o f a field guide or LC chairman. At this stage it was not possible to establish the
number o f goats in the listed herds. Fifty percent o f all the listed herds were selected using
systematic sampling. Selected herds were visited and a random sample o f goats was
obtained.
The number o f goats to be selected from each farm was determined according to
the samplc-size formula for detecting presence o f disease in a population described by
Canon and Roe ( 1982) and reproduced in Thrusfield ( 1995). A herd prevalence level o f 5%
was assumed for all diseases o f interest. This method allows a 95% confidence o f detecting
at least one goat with a disease o f interest, if the herd prevalence is 5%. However, in this
study, the alpha error could have been inflated by the fact that goat kids less than six
months o f age were purposely excluded from the goats to be sampled for reasons explained
18
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below. There were only 2-3 zones per county in Kumi district and the households were
sparsely distributed within very large zones making it impossible to construct a complete
list frame of herds. Thus sampling in Kumi was not strictly random.
In districts (Mbarara and Ssembabule) where cattle ranching is a major activity and
the land is designated into numbered ranches and their subdivisions (Schwartz et al., 1996),
sampling within conveniently selected counties was done according to lists o f ranches and
settlers (small-scale farmers) within each big ranch. Fifty percent o f all ranches in each o f
the two districts were randomly selected using random number tables. For each ranch, a
list o f settlers (also referred to as "squatters") was obtained and a systematic sample o f
settlers drawn. It was assumed that more than 50% o f the settlers have goats and they thus
formed our second-stage clusters. An attempt was made to visit each of the selected
settlers, but this was not always possible because o f impassable roads within ranches.
It was not possible to obtain samples from all selected goat herds. In both regions
there were cases where, at the time of visit, the investigators were told that all the goats had
been sold for school fees, exchanged for a cow or oxen, used to pay dowry for a son, etc.
In other cases, especially in the west where free browsing is common, there were selected
farms where goats were inaccessible for bleeding because they were not accustomed to
being handled or were already out browsing. Goats could not be bled from some other
herds because the owner (usually the man o f the house) was not available to give
permission. In such cases a neighboring herd, if available and the owner was willing,
substituted for the missed herd.
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In certain districts (mainly Kumi and Soroti), some o f the goat farms selected were
found to belong to the same homestead and technically belonged to one epidemiologic unit
with regard to disease risk. This is because owners o f these farms belong to the same
family and have built very close to each other (same compound) and have common water
and browsing/tethering grounds. For purposes of this study, such units were regarded as
one herd.
2.2.3. Data collection, sample-handling and database management
For all herds, irrespective o f the sampling method, the following steps were
performed.
1.

The purpose o f the study was introduced by the field guide (who was already
known to the farmer) and by a veterinarian who later administered the
questionnaire.

2.

A standardized questionnaire for herd-level information was administered to the
goat owner or caretaker. This questionnaire was developed according to a
standardized protocol for developing questionnaires for collection o f information
on dairy farm management practices (Scholl, 1992; see also Appendices 1 and 2).
This instrument was pretested twice — first on a farm with a skilled manager and
secondly on a farm with an unskilled manager. For all selected goat farmers in each
region (east or west), the same questionnaire was administered by one veterinarian
who knew the dialect spoken in the area. Prior to going to the field, both
veterinarians who administered questionnaires received training on the objectives
o f the study, names o f disease conditions in the local dialect, and the procedure for
20
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administering this instrument. Information on goat health (prevalent diseases,
curative and preventive practices) and other management practices (e.g. nutrition,
housing and breeding) was sought using the questionnaire. Certain questions in the
herd-level questionnaire were repeated in an attempt to validate information given
in the preceding questions. In addition to the herd-level information questionnaire,
a detailed individual goat data-sheet was used to record information specific for
each sampled goat. All questionnaires and data-sheets for individual goats were
coded for the farm, LC I zone, county and district. The elevation o f each o f the
farms visited was recorded as uphill if on a hill or downhill if in the valley or lowlying area.
3.

A blood sample was obtained from the jugular vein o f each selected goat using an
8 ml plain Vacutainer® tube (Becton and Dicknison, U.S.A.) and allowed to clot
in a cooling box containing ice packs. On each sampling day, serum was harvested
in the evening and kept on ice packs until transferred to a refrigerator or freezer at
the District Veterinary Office or at a nearby veterinary clinic. This serum was
divided into two 1.8 ml aliquots — one for reference (serum bank) and another
working aliquot for serological assays. Further division o f the "working aliquot"
scrum into five smaller aliquots was done to prevent repeated freezing and thawing
when preparing to perform a battery o f tests for the diseases o f interest. While in
the laboratory, serum was kept at -20 °C until used in serological assays. For all
serological tests (described in Chapters 3 and 5), antibody levels were used as a
proxy for exposure/presence of the disease-agent o f interest. In serological assays,
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reactions o f sera from young goats (<5 months) may not reflect the
infection/disease status o f the bled goats, but that o f the dams. Because o f this
known persistence o f maternal antibodies in the offspring of immune dams for a
variable period (usually <6 months), only goats above six months were bled.
4.

Each goat was physically examined for presence o f skin diseases (e.g. mange, orf
and other dermatitides), presence o f ticks, fleas, hoof problems, respiratory
conditions, abscesses and any other clinical conditions. Information on age
category, sex, breed, recent movement (in the last one month) and body condition
score was also obtained. Body condition score (BCS) was obtained to get an idea
o f the nutritional status o f goats in various management systems (see Appendix 3).
The BCS system was adapted from that used in cattle (Sniffen and Ferguson,
1995).
Farm-level data was transferred from questionnaires to an Epilnfo electronic

database for permanent storage (Dean et al., 1995). Another electronic database, also in
Epilnfo, was created for the data on individual goats. For each database, a "check" program
in Epilnfo was written to minimize errors and to quicken data entry.
2.2.4. Statistical analysis
The data was validated and copies exported to SAS (SAS institute, 1994) and PEPI
(Gahlinger and Abramson, 1995) software for further analysis. Preliminary analysis for
frequency of disease, perceived constraints and different management practices was
performed with Epilnfo software. For various herd-level variables, simple proportions,
their standard errors and 95% confidence intervals were estimated. Fisher exact method
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was used to obtain 95% confidence intervals of the proportions (Dean et al., 1995). In
addition to simple x 2 and Fisher exact tests, stratified analysis using Mantel-Haenzscl
procedures (Stokes et al., 1995) was also performed to assess relationships among variables
(e.g. effect o f origin and management system on distribution o f diseases detected
clinically). Due to extra-binomial variation (correlation) inherent in observations from the
same cluster e.g herd (Levy and Lemeshow, 1991; Corcoran et al., 1999), proportions and
corresponding 95% Cl for individual goat attributes were estimated using the
‘SURVEYMEANS’ procedure o f SAS software v.8. This procedure uses Taylor series
expansion method to estimate the variances o f the proportions. Use o f this method is also
described in Shah et al. (1997).
2.3. Results
2.3.1. Herd attributes
The frequency of various management practices and clinical disease events in goat
herds studied are shown in Tables 2.1, 2.2, 2.3 and 2.4. It is notable that there wnre only
7 farms from Ssembabule district. This is because the survey was done in the rainy season
and most roads in Ssembabule were impassable, making it difficult to access all the
selected farms. It is also notable that approximately 5 1.0% o f the farmers had £ 10 goats
on the day o f visit and despite this small herd-sizc most farmers (57.1%) considered
income from their goat enterprises to be major (in relation to total family income). Fifty
one percent (95% Cl 42.6, 59.4%), 29.7% (Cl 22.4,37.8), 10.3% (Cl 5.9, 16.5%) and 4.1%
(Cl 1.5, 8.8) o f herds visited had at least one goat with hoof problems, respiratory
problems, orf and mange, respectively.
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Table 2.1. Location o f goat herds and characteristics o f farms visited in a goat health and
management study in eastern and western Uganda
Variable

Levels

There are cattle on

Yes

21

14.5

9. 21

the goat farm

No

124

85.5

79.91

There are sheep on

Yes

33

24.6

18, 33

the goat farm

No

101

75.4

67. 82

Herd size

s 10 goats

74

51.0

43.59

> 10 goats

71

49.0

4 1.57

Number of years

< 2 years

20

13.8

9.21

in goat fanning

2i

2 years

125

86.2

80.91

Acreage of the

< 5 acres

83

57.2

49. 65

farm

5-100 acres

50

34.5

27. 43

> 100 acres

12

8.3

4. 14

Individual

66

48.5

40. 57

Shared

70

51.5

43. 60

Farmers view o f

Major

80

57.1

49. 66

income from goats

Minor

60

42.9

35. 52

N umber of farms

Kumi

24

16.6

bv district

Masaka

36

24.8

Mbarara

24

16.6

Land ownership

Number of goat herds

Percent o f all herds

Tabic cont'd
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95 % Cl

NA

Variable

Levels

Number o f goat herds

Soroti
Ssembabule

Percent o f all herds

54

37.2

7

4.8

95 % Cl

The number of farms where various biosecurity measures are practiced is shown
in Table 2.2. In general, only a few farmers practiced measures that prevent introduction
o f disease agents into their farms. For instance, only 4.2% o f the farmers said they test new
goats for diseases (before entry into the herd) and only 9.2% quarantined newly introduced
goats. The frequency of management practices related to preventive surgery (e.g. castration
and dehorning), housing and goat health education on farms is presented in Table 2.3.
Table 2.2. Frequency of biosecurity measures practiced on farms visited in a goat health
and management study in eastern and western Uganda
Variable

Levels

Buy replacement stock

Yes

32

23.0

16. 31

from other goat farms

No

107

77.0

69. 84

Buy replacement stock

Yes

85

59.9

51.68

from livestock markets

No

57

40.1

32, 49

Lend buck to other

Yes

41

34.7

26.44

farmers for breeding

No

77

65.3

56. 74

Borrow buck from

Yes

100

70.4

62, 78

farmers for breeding

No

42

29.6

22.38

No. o f goat herds

Percent o f all herds

Table cont'd
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95 % Cl

Variable

Levels

Goats contact with wild

Yes

40

27.6

21.36

animals (mainly large game)

No

105

72.4

64. 80

New goat(s) introduced into

Yes

20

13.8

9.21

the herd in the last 2 months

No

125

86.2

80.91

Quarantine new

Yes

11

9.2

5. 16

goats on farm

No

108

90.8

84. 95

Screen incoming

Yes

5

4.2

1. 10

goats for diseases

No

113

95.8

90. 99

Administer antibiotics

Yes

6

5.0

2. 11

to newly introduced goats

No

113

95.0

90. 98

Deworm newly

Yes

10

8.4

4. 15

introduced goats

No

109

91.6

85. 96

Deworm before helminthosis

Yes

50

34.7

27,43

(strategic deworming)

No

94

65.3

57. 73

Vaccinate goats against at

Yes

15

10.3

6, 17

No. o f goat herds

Percent o f all herds

95 % C!

least
one disease

No

130

89.7

84. 94

Goats share food with

Yes

56

38.9

31.48

other animals on farm

No

88

61.1

53,69

Table cont'd
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Variable

Levels

Goats share water with

Yes

37

25.7

19. 34

other animals on farm

No

107

74.3

66. 81

Bury aborted

Yes

14

17.5

10. 28

fetuses

No

66

82.5

72. 90

Leave fetus at the

Yes

70

81.4

72. 89

site of abortion

No

16

IS.6

11.28

No. o f goat herds

Percent o f all herds

95 % Cl

Table 2.3. Frequency o f routine management practices in herds visited in a goat health and
management study in eastern and western Uganda
Variable

Levels

Get advice on goat

Yes

79

54.9

46. 63

management

No

65

45.1

37. 54

Get advice on management

Yes

38

48.7

37. 60

o f goats from other fanners

No

40

51.3

40. 63

Get advice on management

Yes

6

7.9

3. 16

from agric. extension officer

No

70

92.1

84. 97

Get advice on management from a

Yes

49

63.6

52. 74

veterinarian/animal husbandry officer

No

28

36.4

26. 48

Deworm goats regularly

Yes

64

44.1

36. 53

(tactical deworming)

No

81

55.9

47. 64

No. o f
goat herds

Percent o f all
herds

Table cont'd
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95 % Cl

Variable

Levels

Castrate goats

Yes

58

41.7

33. 50

No

81

58.3

50. 67

Yes

17

11.7

7, 18

No

128

88.3

82. 93

Yes

18

12.4

8. 19

No

127

87.6

81,93

Do pregnancy diagnosis

Yes

11

7.6

4. 13

(Visual or otherwise)

No

134

92.4

87. 96

Identify goats positively

Yes

8

5.5

2. 11

e.g. with ear tags / branding

No

137

94.5

89. 98

Goats are housed in their

Yes

50

35.5

28,44

own house at night

No

91

64.5

56, 72

At night goats are housed in

Yes

10

7.2

4, 13

the human house

No

128

92.8

87, 97

At night goats are kept on

Yes

63

45.0

37, 54

the verandah

No

77

55.0

46, 63

Goat owner is the major

Yes

88

62.4

54. 70

caretaker o f goats on farm

No

53

37.6

30. 46

Dehom goats

Trim goat hooves

No. o f
goat herds

Percent o f all
herds

Tabic cont'd
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95 % Cl

No. of
goat herds

Variable

Levels

Children are the major

Yes

31

22.0

16. 30

caretakers o f goats on farm

No

110

78.0

70, 85

Hired person is the major

Yes

16

11.3

7. 18

caretaker of goats

No

126

88.7

82. 93

Percent o f all
herds

95 % Cl

The distribution of husbandry practices related to feed, minerals and water
provision are presented in Table 2.4. Of the 145 farmers interviewed, 69.7% said they
experience feed shortages in at least one season o f the year. Most of these shortages
occurred in the dry season. The time of occurrence o f the dry season varied by the region
o f the country. Despite these shortages, only 2% (2/98) o f the farmers said they prepare
fodder for the dry season feeding and only 1% (1/97) buy commercial feeds to supplement
the browse. Univariably, feed shortages were associated (x2 p <0.01) with the region of
the country and most o f the farmers who reported feed shortages were from Kumi and
Soroti districts (eastern Uganda).
The majority o f farmers provide at least one type o f minerals to their goats. Most
(70.3%) use common salt (also used for human use) as the main source o f minerals for
their goats. O f the farmers providing common salt, only 27.7% provided it ad libitum.
The number of farms with various self-reported health and production constraints is
presented in Table 2.5. Diseases and lack of finance for farm activities were the most
common constraints identified. The number of farms with particular health and production
constraints varied with the region o f the country.
29

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 2.4. Frequency o f nutritional management practices in herds visited in a goat health
and management study in eastern and western Uganda
Variable

Levels

Browse is the major

Yes

21

14.7

9. 22

feed for goats

No

122

85.3

78. 91

Supplement main goat feed

Yes

2

1.5

0 .5

with commercial concentrates

No

128

98.5

95. 100

Supplement main goat feed

Yes

1

0.8

0 .4

with home-made concentrates

No

127

99.2

96. 100

Supplement main goat feed

Yes

27

18.6

13. 26

with home-grown legumes

No

118

81.4

74. 87

Supplement main goat feed

Yes

34

23.4

17. 31

with cut forages

No

111

76.6

69. 83

Prepare fodder in anticipation

Yes

2

2.0

0. 7

of the dry season

No

98

98.0

93. 100

Provide at least one type of

Yes

103

71.0

63. 78

minerals to goats

No

42

29.0

22. 37

Provide common salt (NaCl

Yes

71

70.3

60. 79

for human use) to goats

No

30

29.7

21.40

No. o f goat
herds

Percent o f all
herds

Table cont'd
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95 % Cl

No. o f goat
herds

Percent o f all
herds

Variable

Levels

95 % Cl

Provide commercial animal

Yes

9

8.9

4. 16

salt to goats

No

92

91.1

84, 96

Goats drink from communal

Yes

37

26.8

20.35

water sources

No

101

73.2

65. 80

Goats mainly drink fetched water also

Yes

81

58.3

50, 67

intended for other household purposes

No

58

41.7

33. 50

Goats drink water provided

Yes

24

17.6

12. 25

in the goat houses

No

112

82.4

75. 8S

The number o f farmers reporting nutrition as constraint was higher (x2 p <0.001)
in Kumi and Soroti as compared to the districts in the west. Districts in the west,
particularly Mbarara and Ssembabule, had a higher (x2p <0.01) number o f farms reporting
predators as a constraint compared to those in the east.
2.3.2. Individual goat attributes
All attributes recorded for individual goats are presented in Table 2.6. A total o f
1518 goats from 5 districts was studied. For some o f the questions asked, no responses
were obtained due to a farmers unwillingness to answer or lack of a specific answer to a
given question. It is notable that most goats (1455/1502) were in a good energy balance as
shown by the body condition score (BCS) o f three or better. O f the 1505 goats on which
sex was recorded, 81.8% were females.
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Tabic 2.5. Frequency o f health and production constraints identified in herds visited in a
goat health and management study in eastern and western Uganda
Variable

Levels

Disease is a constraint on the farm

Yes

111

77.6

70, 84

No

32

22.4

16, 30

Yes

84

59.2

51.67

No

58

40.8

33,49

Yes

32

22.5

16. 30

No

110

77.5

70. 84

Yes

46

32.2

25.41

No

97

67.8

60. 75

Lack o f veterinary care is

Yes

95

66.4

58. 74

a constraint on the farm

No

48

33.6

26. 42

Lack o f finance for farm activities

Yes

123

86.0

79. 91

is a constraint on the farm

No

20

14.0

9.21

Nutrition is a constraint on the farm

Predators are a constraint on the farm

Thieves are a constraint on the farm

No. o f goat
herds

Percent o f all herds

95 % Cl

The majority o f males in this study were non-breeding young adults (53.5%)
compared to only 19.2% young adults in the female sub-population. The percentages o f
kids and adults in the male and female study subpopulations were 7.0% and 39.5% for
males and 3.3% and 77.5% for females. This age distribution was dependent on the sex o f
the goats (p <0.01) and is likely to have important implications on breeding and general
herd productivity. This could have been further aggravated by the observed absence of
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breeding bucks on a num berof farms visited. Some 2.7% (40/1468) o f goats examined had
been moved from another farm to the present location in the last one month.
The prevalence of ecto-parasite infestations and diseases detected clinically among
the examined goats are presented in Table 2.6. Among the clinical diseases, respiratory
conditions (17.6%) and hoof problems (15.7%) were the most common. O f the ecto
parasites, ticks were the most common (28.8%) and varied from minimal infestation in
z.crograzing and free-browsing system to heavy infestations in the tethering system. In
some cases, especially in Kumi and Soroti districts, several goats with severe lameness, ear
and vulval dermatitis and abscesses due to ticks were seen. Amblyoma variegatum was
found in the interdigital spaces o f a number o f lame goats.
2.4. Discussion
The distribution o f clinical conditions and frequency o f current management
practices on selected goat farms in eastern and western Uganda have been investigated.
This study was conducted on a total of 1,518 goats in 145 farms in five districts. This goat
population, although from a small area compared to the size of the country, is fairly
representative o f the goat industry in Uganda. Various agroecological zones and goat
management systems in the country have been represented. It was not possible to maintain
strict randomness in the sampling procedure at all stages all the time or to weight response
rates by selection probabilities — this is mainly because some o f the farmers in a given
zone may not have been identified and therefore not included on the list frames of farmers
in that zone and also because o f the restricted resources available for this study.
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Tabic 2.6. Health and phenotypic attributes o f individual goats physically examined in a
goat health and management study in eastern and western Uganda

Variable

Levels

No. o f
goats

Sex o f the goat

Female

1231

81.7

79. 85

Male

274

18.2

16. 21

Kid

61

3.9

382

25.5

21. 30

Adult

1056

70.6

66. 75

Local

1375

91.3

81. 100

Cross

84

6.0

0. 13

Exotic

39

2.8

0. 7

0

0. 0

1,4

Age category

Young adult

Breed

Body condition score

Clinical mange

Adjusted
95% Cl

3. 5

1

1

2

46

2.6

3

1153

78.7

74. 83

4

281

17.3

13.22

5

28

1.4

0. 2

Yes

10

0.6

0, 1

1493

99.4

47

3.2

1425

96.8

No

Clinical orf (Ecthyma)

Percent o f all goats
adjusted for clustering

Yes
No

Tabic cont'd
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99.100

1.6
94. 99

No. of
goats

Percent o f all goats
adjusted for clustering

Variable

Levels

Respiratory problems

Yes

262

17.6

10. 25

No

1228

82.5

75.90

Yes

237

15.5

12. 19

No

1269

84.5

81. 88

Dermatitis

Yes

20

1.3

(various types)

No

1486

98.7

Abscesses

Yes

33

2.2

No

1472

98.0

97. 99

Yes

433

28.3

21. 36

No

1073

71.6

64. 79

7

0.5

1500

99.5

Hoof problems

Ticks

Fleas

Yes
No

Adjusted
95% Cl

1. 2
98. 100

1,3

0, 1
99. 100

Although this is a weakness that could not be eliminated, the data obtained in this study
are o f epidemiological importance in that the distribution o f certain diseases and current
goat management practices across areas o f high goat production has been determined and
documented. Furthermore, this forms a basis for other more focused studies on goat health
and management in Uganda.
This study has shown that under most management systems biosecurity has not
been given the priority it deserves. For instance, very few farmers prevent contact between
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their goats and those o f neighbors or keep closed herds (Table 2.2). This could be one o f
the reasons why certain diseases (e.g. brucellosis and CCPP, see chapters 3 and 5) are very
common. This study has also shown that there is a need for educating farmers on farming
practices that risk introduction of disease into their herds and also on basic prophylactic
and metaphylactic procedures.
Nutrition management, a great tool for fortifying non-specific immune responses
and for good productivity, is sometimes poor (e.g. in the dry season) and according to this
study purely depends on nature. For instance, only 2% o f the farmers prepare fodder in
anticipation o f the dry season. Most farmers who said they provide minerals to their goats,
use common household salt which is deficient in a number o f elements, especially the trace
elements. Seasonal deficiencies in carbohydrate and protein for goals, together with lack
of good quality minerals, could predispose goats to various diseases, anoestrus and hence
explain some o f the mortalities and production losses reported in the dry season. In this
study most goats were in good energy balance (body condition score o f ^3) on the day o f
visit to the farm. This could be because farm visits were made at the beginning and middle
of the rainy seasons when pastures were better. Farmers will need to be educated on the
importance and know-how o f growing legumes, preparation of fodder for the dry season
and provision o f minerals, especially the trace ones.
This study has also shown that the majority o f farmers claim to receive advice on
goal management from veterinarians and other farmers. This implies that policy makers
can easily transfer knowledge on modem goat husbandry practices to farmers through
veterinarians and innovative progressive farmers. It is also interesting to note that most
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farmers (87.4%) are willing to pay for the services o f a veterinarian and that most o f them
(83.9%) know where to find a veterinarian or an animal husbandry officer, if and when
needed.
Diseases are common among herds and measures to curb transmission within and
between herds are urgently needed. This is particularly so for the free browsing
management systems where diseases like mange and orf were most common. Farmerreported kid mortality rate (KMR), which was highest among large herds under frecbrowsing management systems, needs to be addressed. In this study, KMR was not
assessed in sufficient detail and thus the reasons for the high farmer-reported KMR were
not established, but could be associated with predators and poor housing. This is supported
by the finding o f a significantly high (p <0.05) KMR (46.7%) on farms where predators
were reported as a constraint compared to those where predators were not identified as a
problem (20.1%). These hypotheses will need to be further tested in more focused, and
preferably longitudinal, studies.
The purpose o f this report as already stated was to document the distribution of
various clinical diseases and management practices in goat herds in eastern and western
Uganda. It is clearly evident that the majority of farmers are not applying the recommended
farming practices, implying a serious need for revisiting agricultural extension practices
in eastern and western Uganda.
These findings are from a cross-sectional study and suffer from the biases
associated with CSSD, thus direct cause and effect relationship can not be inferred.
Analytic studies focusing on the various relationships identified in this study arc needed.
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CHAPTER THREE
RISK FACTORS FOR BRUCELLA INFECTION IN GOAT HERDS
IN EASTERN AND WESTERN UGANDA
3.1. Introduction
Brucellosis is a zoonotic disease caused mainly by Brucella abortus and B.
melitensis in goats. Losses in production occur mainly through abortions and in cattle also
through decreased milk production o f about 10% (Berman, 1981; Alton, 1990). The
clinical signs and pathogenesis vary with species o f Brucella and the infected host; but
arthritis, epididymitis, infertility, abortion and fever are fairly common (Carter, 1976;
Elzer, 1998). Transmission among animals is mainly through mucous membranes
following contact with contaminated materials, especially after Brucella-induced abortions.
Both wild and domestic animals are susceptible to infection with Brucella and may serve
as carriers for other domestic animals and humans (Davis, 1990). Diagnosis is achieved by
use o f serological tests in series or in parallel, and by culture and isolation o f Brucella
(MacMillan, 1990; Baum et al., 1995; Mikolon et al., 1998a). Although brucellosis due to
B. abortus is known to be endemic and widespread in cattle, goats and humans in Uganda
(Newton et al., 1974; Ndyabahinduka and Chu, 1984; Nakavuma et al., 1999), cases due
to B. melitensis have not been demonstrated, probably because o f lack o f reagents
(Onekalit, 1987).
Currently bovine brucellosis is rampant in most parts o f Uganda and the factors
associated with its occurrence in both livestock and the human population have not been
elucidated. Anecdotal data from practitioners and farmers indicate a high prevalence of
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abortions among cattle and goats in various regions o f the country. Although there are no
published field studies that incriminate Brucella spp. as the cause o f abortion storms in
goats in Uganda, brucellosis has been suspected on clinical grounds. Even in cattle, most
studies on brucellosis have focused on seroprevalence of the disease and not on its risk
factors or association with the observed abortions. In one study in south-west Uganda,
d o f f s et al. (1998) reported that B. abortus seropositive animals were 5 times more likely
to have had an abortion than the seronegative ones. Outbreaks o f B. melitensis in goats,
cattle and humans in rural areas and places where B. abortus was controlled or eradicated
have been reported (Corbel, 1997; Wallach et al., 1997; Reichel et al., 1996). Brucella
melitensis can infect cattle, dogs and other animals which may in turn transmit the disease
to humans and other goats.
In Uganda, brucellosis in goats has not been well investigated. Previous national
brucellosis vaccination programs, which according to Onekalit (1987) included a few
herds, did not vaccinate goats and sheep, yet these species could be important in the
epidemiology of this disease in both humans and livestock. Furthermore, brucellosis
vaccines (S I9 and 45/20) used in Uganda have always targeted B. abortus and specific
vaccines have not been used for B. melitensis (e.g. Elberg’s Rev 1). Effective control of
brucellosis requires information on prevalence o f the disease, species of Brucellae and
hosts involved, geographical distribution of the affected herds, risk factors and current
management practices on affected farms.
This study attempted to (a) estimate the proportion of goat herds with Brucella
reactors, (b) estimate the prevalence o f Brucella infection within herds and, (c) to identify
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factors that are associated with the occurrence o f Brucella infection in goat herds. This
study also determined whether the Brucella reactors detected were due to B. abortus or B.
melitensis.
3.2. Materials and Methods
3.2.1. Study design and data collection
Data on goat management practices, constraints to production, occurrence of
diseases and their potential risk factors was obtained from 1,518 goats in 145 herds
surveyed in five districts in eastern (Kumi, Soroti) and western (Masaka, Mbarara,
Sscmbabule) Uganda. These five districts were conveniently selected based on the reports
that they have the majority of goats in the two regions. The herds included in this study
were identified by cluster sampling using local administrative zones as primary' sampling
units. The number o f goats selected on each farm was based on the tables by Canon and
Roc (1982) and a 5% prevalence o f brucellosis in the herd was assumed. Most herds had
<10 goats on the day o f visit which, for most farms, resulted in selecting all the goats
available (except those <6 months old and thought to possess maternal antibodies). A
questionnaire on various aspects o f goat management, biosecurity on farms, constraints to
production and occurrence of diseases on the farm was administered to a farmer or a
caretaker o f the operation by a veterinarian who could speak the language in the region and
had received prior training on the administration o f the goat study questionnaire. The
details o f the sampling protocol are described in Chapter 2.
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3.2.2. Brucellosis assays
Serum was harvested from biood collected from the jugular vein and was stored at
-20 ° C until used in serological tests for B. abortus and B. melitensis. Presence o f
antibodies against Brucella was used as a proxy for exposure to Brucella infection. The
brucellosis card test (Brewer diagnostics, U.S.A.) was used to test for presence o f B.
abortus antibodies in individual goats. The card test (CT) designed for B. abortus is known
to detect some B. melitensis cases. Briefly, the CT was performed by thoroughly mixing
0.03 ml o f serum on a card with 0.03 ml o f buffered Brucella antigen and then rocking the
mixture gently at room temperature. A sample was considered positive for Brucella
infection (B. abortus or B. melitensis) if agglutinins formed within 4 minutes and negative
otherwise. At 3 weeks post infection the sensitivity o f the CT is 90% for B. abortus and
60% for B. melitensis. The sensitivity for B. melitensis has been reported to be better (90%)
at 12 weeks post infection (Mikolon et al., 1998a). The CT can detect Brucella infections
as early as 14 days post infection.
The standard Tube Agglutination Test (TAT), which is a specific test for B.
melitensis, was run in parallel to distinguish between reactors due to B. abortus and those
due to B. melitensis. The antigen and protocol for this test were kindly supplied by Ms.
Barb Martin (NVSL, APHIS, USDA, Ames, Iowa, U.S.A.). Brucella melitensis negative
and positive control serum (prepared in Germany) were obtained from Dr. Ludwig Sicfert
(Makcrere University, Kampala, Uganda) and used in the assay for quality assurance.
Another B. melitensis positive control serum from the U.S.A. was used for comparison
with serum from Germany.
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Briefly, the test antigen (sterile killed B. melitensis whole cell suspension) was
diluted 1:100 in phenolized saline (i.e. 5 g phenol in I L o f sterile normal saline) and
allowed to stand for at least 12 hours before use. Two milliliters o f the diluted antigen were
dispensed into four 8 ml test tubes labeled 1 through 4. Serum in amounts o f 80 pi, 40 pi,
20 pi, and 10 pi was added into tubes 1, 2, 3, and 4, respectively. This titration resulted in
a dilution o f 1:25 in tube 1 and o f 1:200 in tube 4. The antigen and serum were covered
with a rubber stopper, gently mixed in the tube and then incubated at 37 °C for 48 hours.
After the incubation period, tubes were examined against a dull black background. Samples
were considered positive if there was clearing o f the suspension and agglutination at the
bottom of the tube before or after shaking gently. Negative samples remained milky and
agglutination could not be seen. For positive samples, the lowest positive titer was
determined.
3.2.3. Statistical analysis
Data on various herd and individual goat attributes, including brucellosis status,
was stored in Epilnfo and later exported to SAS software for analysis. A herd was
considered positive for Brucella infection if at least one goat on the farm tested positive
with the CT and negative otherwise. Herds were reclassified as above but based only on
the results o f the TAT. Simple cross-tabulation of various management practices and
Brucella status (i.e. by CT, TAT or status based on results o f the two tests combined) was
done in Epilnfo (Dean et al., 1995) to detect univariable associations between study
variables and Brucella antibody status. Three models with Brucella antibody status as a
response variable were fitted to this data; one with Brucella status based only on the CT,
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another with Brucella status defined according to TAT results only, and a third one in
which a herd was considered positive if at least one goat in the herd tested positive on any
of the two tests (CT or TAT) or negative if none of the goats tested positive on any o f the
tests.
In order to determine the contribution of Brucella infection to reported abortions
and to investigate if there were other variables that influenced the occurrence o f abortions
in goat herds, a fourth model with abortions in the last year as a response variable was
built. The independent variables for this model were B. melitensis test status and
management practices that were univariably associated with abortions at p ^0.25.
Unfortunately, complete data on abortions in individual goats were not available thus
making it impossible to analyze abortions at individual goat level.
All management practices hypothesized to be associated with Brucella
seropositivity and with a x2 p-value of ^0.25 when cross-tabulated with Brucella status (as
defined by a given test) were offered to the logistic regression model for stepwise selection.
The probability for entry/staying in the model was set at 0.1. Indicator variables were
created for polytomous explanatory variables. The details o f the modeling procedures used
in this study have been described elsewhere (Hosmer and Lemeshow, 1989; Kabagambc
et al., 2000). Mullicollinearity among variables was assessed by further cross-tabulating
the variables selected by the model and determining the level of association using the %2lest. Interaction terms were included in the models to explore interaction and effect
modification. The difference in the deviance of models with and without an interaction
term was determined and compared with the x2-distribution. An interaction term was
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dropped from the model if the change in deviance was not significant at p = 0.05. The
models were checked for goodness of fit using Hosmer and Lemeshow statistic (SAS,
1994; Stokes et al., 1996). Adjusted odds ratios o f the explanatory variables and the
associated outcomes and their 95% confidence intervals were obtained.
3.3. Results
3.3.1. Card test results
Brucella reactors were detected by the CT in 13.1% (19/145; 95% Cl: 8.1, 19.7)
of the goat farms visited. Despite this high proportion of herds with reactors, only 3.5%
(52/1477) of goats screened (with the CT) were positive for Brucella infection. This is of
epidemiological significance in that, although the number o f herds affected is high, the
number o f goats affected and the average prevalence of Brucella infection within most
herds is still low. The number o f goat herds with Brucella reactors by district and other
variables hypothesized to be associated with Brucella infection is presented in Table 3.1.
Most o f the positive herds were in the western region and all came from farms which also
had cattle. Having cattle was positively associated with having sheep on the farm (x2 pvaluc = 0.01). Because o f this association and the fact that none o f the goat herds without
cattle tested positive for brucellosis, two problems arose: multicollinearity and quasicomplcte separation in the data. Thus only the variable indicating possession o f sheep on
the farm was used in the model as a potential risk factor on its own, but also as a proxy for
having cattle.
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Table 3.1. Distribution o f goat herds with Brucella reactors (as detected by the card test)
by district o f origin in Uganda and other herd attributes hypothesized to be associated with
Brucella infection
Variable

Levels

District

Kumi

24

0.0

Masaka

36

13.9

Mbarara

24

29.2

Soroti

54

1.9

7

85.7

No. of herds

Ssembabule

Percent with Brucella reactors

Major

Free browsing

34

41.2

management

Tethering

97

3.1

system

Zerograzing

14

14.3

Have cattle in

Yes

92

19.6

addition to goats

N'o

44

0.0

Have sheep in

Yes

33

30.3

addition to goats

No

101

5.9

Have pigs in

Yes

56

3.6

addition to goats

No

78

17.9

Herd-size

>10 goats

71

23.9

c 10 goats

74

2.7

Lend buck for

Yes

41

22.0

breeding

No

77

10.4
Table cont'd
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P
<0.001

<0.001

<0.001

<0.001

0.01

<0.001

0.15

Variable

Levels

No. of herds

Percent with Brucella reactors

Get replacement stock

Yes

35

22.9

from other farmers

No

104

10.6

Get replacement

Yes

82

9.8

stock from the market

No

55

18.2

P
0.09

0.24

a Where cell frequencies (number o f herds) are <5, two-tailed Fisher exact p-values are
reported; others are from the chi square test.
Free browsing and presence of sheep on the farm were the two management
practices identified in the multivariable logistic regression model as being significantly
associated with Brucella seropositivity in goat herds (Table 3.2). Farms in which freerange browsing is practiced were 11.2 times more likely to have Brucella reactors
compared to those in which tethering is the major management system. Goat herds which
had sheep at the time o f the visit were 4.7 times more likely to have Brucella reactors
compared to those without sheep.
Table 3.2. Multivariable logistic regression model ofherd-level risk factors for brucellosis
as detected by brucellosis card test in goat herds in eastern and western Uganda
Variable

Levels

b

Se(b)

P

Major husbandry

Free browsing

2.41

0.79

0.002

11.2

2.4. 52.5

system

Zerograzing

1.79

1.30

0.17

6.0

0.5, 76.5

Yes

addition to goats

No

95% C! of OR

1.0

Tethering

Have sheep in

Odds ratio (OR)

1.54

0.68

0.02

4.7
1.0
Tabic cont'd
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1.2, 17.8

Variable

Levels

b

Se(b)

P

Herd-size

>10 goats

0.74

1.00

0.46

95% Cl o f OR

Odds ratio (OR)
2.1

<: 10 goats

0.3. 15.1

1.0

Hosmer-Lemeshow statistic = 4.38 (p-value = 0.36, d f = 4).
3.3.2. Standard tube agglutination test results
Antibodies against B. melitensis were detected in goats in 43.4% (63/145) of the
herds surveyed. 9.8% (141/1446) o f goats tested were positive with a titer ranging from
1:25 to 1:200. Brucella melitensis reactors were more prevalent in Mbarara and
Sscmbabule districts (Table 3.3). The median within-herd prevalence o f B. melitensis was
15% and ranged from 2% to 100%. The risk factors for B. melitensis that were identified
in the multivariable logistic regression model are presented in Table 3.4.
Table 3.3. Distribution o f goat herds with Brucella melitensis reactors (as detected by
standard tube agglutination test) by district of origin in Uganda and other herd attributes
hypothesized to be associated with Brucella infection
Variable

Levels

No. o f herds

District

Kumi

24

50.0

Masalca

36

27.8

Mbarara

24

70.8

Soroti

54

33.3

7

85.7

Sscmbabule

Percent with B.
melitensis reactors

Major management

Browsing

34

73.5

system

Tethering

97

33.0

Zero-grazing

14

42.9
Table cont’d
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P1
<0.001

<0.001

Variable

Levels

Have cattle in

Yes

92

56.5

addition to goats

No

44

22.7

Have sheep in

Yes

33

63.6

addition to goats

No

101

38.6

Have pigs in

Yes

56

41.1

addition to goats

No

78

47.4

Herd-size

>10 goats

71

64.8

< 10 goats

74

23.0

Lend buck for

Yes

41

58.5

breeding

No

77

48.1

Get replacement stock

Yes

35

57.1

from other farmers

No

104

41.3

Get replacement

Yes

82

46.3

stock from the market

No

55

41.8

No. o f herds

Percent with B.
melitensis reactors

P*
<0.001

0.02

0.58

<0.001

0.37

0.15

0.73

a Where cell frequencies (number o f herds) are <5, two-tailed Fisher exact g-values are
reported; others are from the chi square test.

Brucella abortus and B. melitensis share the A and M antigens and the brucellosis
CT. intended for screening against B. abortus, is known to detect some B. melitensis cases
(Carter and Cole, 1990; Cherwonogrodzky et al., 1990; Mikolon et al., 1998a).
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Table 3.4. Multivariable logistic regression model o f herd-level risk factors for Brucella
melitensis (as detected by the tube agglutination test) in goat herds in eastern and western
Uganda
Variable

Levels

b

Se(b)

P

Major husbandry

Free browsing

0.84

0.68

0.22

2.3

0.6. 8.8

system

Zerograzing

1.84

0.89

0.04

6.3

1.1,36.3

Tethering

Get replacement

Yes

stock from the market

No

Herd-size

>10 goats

Yes

animals

No

95% Cl of
OR

1.0

1.39

0.61

0.02

4.0

1.2. 13.2

1.0

1.36

0.45

<0.01

£ 10 goats

Contact with wild

Odds ratio
(OR)

3.9

1.6. 9.5

1.0

1.56

0.59

0.01

4.8

1.5. 15.0

1.0

Hosmer-Lemeshow statistic = 5.99 (p-value = 0.54, d f = 7).
In this study 15.8% (3/19) ofthe herds which were classified as positive with the CT were
negative when classified according to B. melitensis TAT. Whereas 37.3 % (47/126) o f the
herds which were classified as negative with the CT were positive when classified
according to TAT results. It is also notable that o f the 63 herds which were classified as
positive according to TAT results, only 25% were classified as positive with the CT. These
findings may indicate that there are goat herds where mixed infections o f B. abortus and
B. melitensis occur, and that where B. melitensis is the only type of brucellosis in the
population, the CT is likely to underestimate the proportion o f Brucella-infected herds. The
present results are also consistent with the reports that the sensitivity ofthe CT is relatively
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low for B. melitensis cases that are less than 3 weeks old. These findings are similar to
those observed at individual goat classification level in which only 25% o f CT positive
sera (n = 40) were negative with TAT whereas only 7.9% o f CT negative (n = 1401) sera
were positive with TAT. It also is interesting to note that only 21.3% o f TAT positive
samples tested positive with the CT. These findings, at individual goat level, also appear
to indicate that classification of herds as positive if at least one goat is positive to a
screening/diagnostic test is a reasonable approach for identifying case herds.
Because o f this known cross-reactivity between B. melitensis and B. abortus and
the high penalty associated with a type II error in classifying herds as brucellosis negative
when they arc not, another model in which a herd was designated as positive if at least one
goat was positive on any o f the two tests (CT or TAT) and negative if all the goats in the
herd tested negative with both tests, was built. In this model herd-size, contact with wild
game, and lack o f veterinary care were the most important variables identified to be
associated with Brucella antibody seropositivity (Table 3.5).
Table 3.5. Multivariable logistic regression model o f herd-level risk factors for brucellosis
(B. melitensis or B. abortus)a in goat herds in eastern and western Uganda
Variable

Levels

b

Se(b)

P

Major husbandry

Free browsing

0.44

0.79

0.57

1.6

0.3. 7.3

system

Zerograzing

1.48

0.83

0.07

4.4

0.9. 22.3

Tethering

Have cattle in

Yes

addition to goats

No

Odds ratio (OR)

95% Cl of OR

1.0

0.99

0.51

0.06

2.7
1.0
Table cont'd
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0.98. 7.4

Variable

Levels

b

Se(b)

P

Have sheep in

Yes

1.05

0.54

0.05

addition to goats

No

Herd-size

> 10 goats
2

Yes

lacking

No

Contact with wild

Yes

game animals

No

2.9

95% Cl o f OR
0.99. 8.2

1.0

1.00

0.50

0.04

10 goats

Veterinary care

Odds ratio (OR)

2.7

1.0. 7.2

1.0

1.14

0.52

0.03

3.1

1.1. 8.7

1.0

1.66

0.69

0.02

5.2

1.4. 20.4

1.0

3 These figures are based on both the CT and TAT results. Hosmer-Lemeshow statistic =
10.3 (p = 0.25, d f = 8).

The results of the model with abortion in the last year as a response variable are
presented in Table 3.6. Large herd-size (>10 goats on farm), lack o f veterinary care and
being positive for B. melitensis were the most important risk factors for abortion in goat
herds. None o f the interaction terms tested in the four models was significant at p = 0.05
and were thus excluded from the final models.
3.4. Discussion
In this study the prevalence and risk factors for brucellosis in goats in Uganda were
investigated under a cross-sectional study design (CSSD). Although there are a number o f
known shortfalls when this design is used to identify risk factors for disease events and
other population attributes (Lee, 1994; McMurray, 1996; Rothman and Greenland, 1998),
CSSD yield useful information, especially if the sample size is large and biases
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Table 3.6. Multivariable logistic regression model o f herd-level risk factors for abortion
in goat herds in eastern and western Uganda
Variable

Levels

b

Se(b)

P

Odds ratio (OR)

95% Cl

Major husbandry

Free browsing

-2.39

0.73

0.001

0.1

0.0, 0.4

system

Zerograzing

-1.39

1.02

0.17

0.3

0.0. 1.9

Tethering

B. melitensis

Positive

test status

Negative

Herd-size

> 10 goats

1.0

1.05

0.51

0.04

Yes

lacking

No

1.1. 7.8

1.0

3.49

0.65

<0.001

s 10 goats

Veterinary care

2.9

32.9

9.1. 118.6

1.0

1.12

0.50

0.03

3.1

1.2. 8.2

1.0

Hosmcr-Lemcshow statistic = 6.24 (p-value = 0.40, d f = 6).
(such as poor recall which leads to misclassification and unequal selection probabilities)
are minimized. Furthermore, these studies are cheaper to execute, arc population-based
(and thus offer reasonable external validity) and are therefore used for disease control
planning (Kelsey el al., 1986; Lee, 1994). To study the epidemiology o f brucellosis, a
national problem in Uganda (Ndyabahinduka, 1978; Ndyabahinduka and Chu, 1984;
Onekalit, 1987; Nakavuma et al., 1999), a CSSD was chosen to investigate this disease in
goats.
Various agroeco logical areas o f the country, constituting a relatively large number
o f herds (n = 145) and individual goats (n = 1518), were studied and described with respect
to their brucellosis status and management practices of goat producers. This is the first
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study in Uganda to associate management practices with the occurrence o f brucellosis in
goats.
Various management practices were studied and models built using the stepwise
variable selection procedure. Although this procedure is very useful, especially in cases
where there are many independent variables relative to the number o f observations, it is
purely based on statistical criteria and not relative biological importance o f a variable
(Hosmer and Lemeshow, 1989). It is therefore possible that in the models described in this
study some important variables could have been missed. Nonetheless, this model building
approach enabled us to identify some important variables among those hypothesized to be
associated with brucellosis in goats.
This study has revealed that brucellosis is widespread among goat herds, and that
both B. abortus and B. melitensis are present in goats. There are no published reports that
document presence o f B. melitensis in goats or other livestock in Uganda. However,
presence o f B. melitensis has been documented in neighboring Kenya and Tanzania
(Schiemann and Staak, 1971; Oomen, 1976). The antibodies detected in this study are
likely to be due to infection with Brucella rather than vaccination against brucellosis. This
is because previous vaccination campaigns were on a small scale (Onekalit, 1987) and did
not include small ruminants.
Several variables were found to be associated with the presence o f Brucella
antibodies in goats on farms that were studied. Large herds (>10 goats) were more likely
to have Brucella reactors compared to small ones (Tables 3.2, 3.4 and 3.5). This was also
true for management system in which herds under free browsing or zerograzing were found
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to be more likely to have Brucella reactors compared to those under the tethering system.
Mikolon et al. (1998b) also reported that increasing herd-size, in addition to importation
of goats from other herds and presence o f seropositive dogs on the farm, was associated
with increased seropositivity to B. melitensis in goats. Large herd-size has also been
identified as problem in the control of bovine brucellosis (Hugh-Jones et al., 1975). In
Uganda, these results are not surprising given that goats are allowed to roam in the pastures
where they contact with goats from the neighbors’ herds and also because there is no
official brucellosis control program in place. Furthermore, most goat farmers (>70%)
borrow or lend breeding males to other farmers or even take a female to be served at a
neighbors farm. Although the venereal route is not considered important for the
transmission of B. melitensis and B. abortus in cattle and goats (Elzer, 1998), practices that
involve movement o f goats between herds are likely to be risky, particularly in the
zerograzing system where contact transmission can be enhanced in closed premises,
especially following abortions. This concern is supported by the findings o f this study in
which zcrograzed goats were 6 times (95% Cl 1.1, 36.3) more likely to have B. melitensis
antibodies compared to tethered ones. Other risk factors for brucellosis in goats (e.g. lack
o f veterinary care, contact with sheep and communal grazing) have been reported in Spain
(Mainar-Jaime and Vazqucz-Boland, 1999; Rcviriego et al., 2000).
Abortions were found to be rampant (reported by 52% o f the farmers) and were
significantly associated with the presence of Brucella infection (Table 3.6). In fact, herds
in which at least one goat tested positive for B. melitensis had a three times (95% Cl 1.1,
7.8) greater odds o f having had an abortion experience in the last year compared to those
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without reactors. This finding is comparable to the work o f Oloffs et al. (1998) who
reported that, in Uganda, Brucella seropositive cattle were five times more likely to have
had an abortion compared to the seronegative ones.
Brucella reactors were more prevalent in western Uganda (Masaka. Mbarara and
Sscmbabule districts) compared to the east. This could be associated with the communal
grazing system and an increased interaction between wild game and farm animals that is
common in the west. Most producers in the west, especially in Mbarara and Ssembabule
districts, allow their goats to browse extensively in the semiarid acacia grasslands which
are part of the game corridor. Such a management system is likely to increase the risk o f
transmission o f pathogenic microorganisms between domestic and wild animals.
Occurrence o f brucellosis in wild game and other farm animals like cattle and sheep has
been documented in Uganda and elsewhere (Rollinson, 1962; Elzer et al., 1998; Oloffs et
al., 1998; Nakavuma et al., 1999).
It is notable in this study that contact with wild game animals, lack o f veterinary
care and having sheep or cattle on the farm were identified as risk factors for Brucella
infection in goats (Tables 3.2., 3.4 and 3.5). The importance o f sheep in the epidemiology
o f brucellosis may, in part, be attributable to the fact that under most management systems
in Uganda, sheep usually graze with cattle but at night they are kept with goats. This poses
a risk of transmission between cattle and goats, especially if one o f the sheep has aborted
or is shedding Brucella organisms.
This study has confirmed concerns that brucellosis is a potential public health
problem in Uganda (Ndyabahinduka, 1978; Ndyabahinduka and Chu, 1984). The high
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herd-prevalences ofbrucellosis detected in this study indicate that the brucellosis situation
in animals may worsen if no control programs are instituted and could potentially worsen
the brucellosis situation in humans. Furthermore, this study has shown that in addition to
the already reported B. abortus infection in humans and animals, B. melitensis also occurs
in Uganda and there is a risk of transmission to humans.
There are no any specific brucellosis control programs in animals or humans in
Uganda. Such programs are needed and will require more studies on the epidemiologic
situation of this disease in other farm animal species and an understanding o f the risk
factors in humans, hitherto not assessed. Studies on the interaction between the occurrence
ofbrucellosis, HIV/AIDS and malaria infections and human demography may also be of
value. It will be important to locally evaluate and optimize usage o f proven vaccines such
as RB51 and Rev 1 along with changes in the livestock management practices in Uganda.
To-date there is no evidence that these two vaccines have been used in Uganda, despite
their success elsewhere (Schurig, 1982; Elzer, 1998; Scharp et al., 1999). Educational
programs on prevention and control o f brucellosis that target farmers, high-risk
occupational groups (e.g. abattoir workers) and other consumers o f livestock products are
needed. This will require extending the knowledge o f biosecurity, general farm
management, and risks associated with an open herd system and the potential benefits of
control efforts.
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CHAPTER FOUR
TRANSMISSION DYNAMICS AND CONTROL OPTIONS FOR
BRUCELLOSIS IN GOATS IN UGANDA: A SIMULATION
MODEL APPROACH
4.1. Introduction
Brucellosis is prevalent in both human and animal populations in Uganda. Studies
on sera collected between 1990 and 1993 detected Brucella abortus antibodies in cattle
(12.5%; 216/1731) and goats (8.9%; 24/271) from central and southern Uganda
(Nakavuma et al., 1999). Studies in humans (Ndyabahinduka, 1978; Ndyabahinduka and
Chu, 1984) also reveal that brucellosis is a public health problem. In a study o f febrile
patients who visited Mulago referral hospital in Uganda, brucellosis was detected in 13.3%
o f the patients (Mutanda, 1998). In a recent survey (see Chapter 3) of goat health and
management practices in eastern and western Uganda, 3.5% (52/1477) o f the goat sera
screened with the card test were positive for Brucella antibodies. In addition, B. melitensis
was detected in 9.8% (142/1446) o f the goats tested with the B. melitensis tube test.
These findings indicate an eminent risk o f a more severe epidemic o f brucellosis
in animals and humans. It is therefore important to study the trend o f this epidemic and to
identify factors influencing the transmission dynamics of brucellosis in both human and
animal populations. Such information is likely to be useful in predicting the likely temporal
and spatial trends of the brucellosis epidemic and finally in designing and optimizing
control programs.
Goats can carry and transmit B. abortus and are the primary hosts o f B.melitensis,
the specie with most severe effects in humans (Alton, 1990; Elzer, 1998). First time B.
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abortus or B. melitensis infections in pregnant sheep and goats may be associated with
abortion storms and can have severe economic and public health consequences. Due to
development o f both humoral and cell mediated immunity, existing or subsequent
infections may be overcome, are not severe, and usually do not lead to abortions; however
the affected host may still shed Brucella organisms (Alton, 1990). Sterile immunity
following infection is rare but does occur (Alton, 1990). Vaccination with Rev 1 (for B.
melitensis) or S19 (for B. abortus) confers good immunity to both sentinel and infected
hosts and shedding may cease in 75-100% o f the infected vaccinates (Enright and HughJones, 1984; Dr. Hugh-Jones, M., 2000, pers. comm.; Elzer, P.H., 2000, pers. comm.). In
the middle east, epidemics o f B. melitensis have been controlled using Rev 1 (Scharp el al.,
1999). Reports on the efficacy o f RB51 vaccine in goats have not been consistent.
Owing to the importance o f small ruminants in the epidemiology o f brucellosis in
humans and other livestock, and because o f the economic consequences o f Brucella
infection in goats in Uganda, the goat sub-population o f the livestock industry was chosen
for this study. Two approaches were chosen for the study o f brucellosis in goals in Uganda
. In one approach a serological and questionnaire survey was conducted to describe goat
management practices, prevalence of Brucella infection and to identify factors associated
with occurrence o f Brucella infection on goat farms (Chapters 2 and 3). The other
approach, which is the object o f this report, used mathematical models to simulate the trend
o f the current brucellosis situation and to evaluate the effects o f vaccination (as a control
strategy) on changes in the size and structure o f the goat population with regard to the
Brucella infection. This approach may save time and resources that would be required to
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generate baseline epidemiological information through national longitudinal, repeated
cross-sectional or interventional studies. Hugh-Jones et al. (1975) used this approach to
study bovine brucellosis in England and Wales. Henken et al. (1994) also used a similar
approach to study Eimeria acervtilina infection in chicken. Applications and usefulness o f
mathematical models in the study o f the natural history o f diseases have been described by
Beck and Scardino (1994) and by Cowen et al. (1994). A stochastic model has been
developed and its results and potential applications in the management o f the brucellosis
epidemic are reported in this paper.
4.2. Materials and Methods
A deterministic B. melitensis population model was developed using Stella software
(High Performance Systems, Inc., Hanover, NH, U.S.A.). This model simulates the
Brucella infection in four goat subpopulations: goats that are at risk o f Brucella infection
and referred to as susceptibles (S); the group that is newly or actively infected (I) and may
abort and actively transmit Brucella; the carriers that have developed partial natural
immunity against the effects (e.g. abortion) o f Brucella infection (R) but are still shedding
the agent; and those having solid immunity as result o f prolonged infection or artificial
vaccination (Z). A schematic o f this model and the associated parameters is shown in Fig.
4.1. In order to account for variation in the properties o f the disease and random changes
in the goat population in a given year, random processes with specified probability
distributions were introduced into the deterministic model to produce a discrete statetransition model. In this model goats are allowed to move from one state to the other
independent o f the previous infection state (Fig. 4.1). A detailed description o f
66
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deterministic and discrete state-transition models is given by Meerschaert (1999). Further
description o f the model transition states, parameters and their initial values is given in
Table 4.1.
This model simulates transmission o f Brucella in an already exposed goat
population in Uganda and assumes that humans and other livestock species, if infected, are
dead-end hosts. This assumption is unrealistic but important for restricting this model to
the brucellosis situation in goats. An extension o f this model to include other potential
domestic hosts o f Brucella will be considered. The model also assumes that (a) male goats
are not important in the transmission of Brucella (and are thus removed from the model
at the beginning o f each simulation (Alton, 1990). A sex ratio o f 1:1 at birth is assumed),
(b) contact rate between goats is a random nonuniform event, varies over time and is
important in the transmission o f Brucella, (c) B. abortus and B. melitensis are similar in
their epidemiology and in the immune responses they induce in vaccinated/infected hosts
and parameter values described for B. abortus have been extrapolated to the B. melitensis
model, (d) transmission o fB. melitensis infection from other livestock to goats is negligible
and. (e) the case-fatality rate o f B. melitensis is negligible but effects on the
population occur through altered birthrates in the I and R subpopulations. Population off
take, emigration and mortality due to natural causes and other goat diseases are modeled
as a single normally distributed p er capita death rate that is linearly dependent on the total
goat population at a given time. Per capita natality rates for the S and Z subpopulations
are assumed to be identical and higher than those for the I and R subpopulations.
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Fig. 4.1. Schematic o f Brucella melitensis population model. Susceptible (S)
goats get infected (I), acquire partial immunity (R) and a small proportion
may finally acquire solid immunity (Z). The force o f infection for Brucella
(P), rate o f transition from active infection to carrier state (y), rate of
transition from R to Z (o), the rate of loss o f immunity (<|>), the vaccination
coverage (p), birthrate for the uninfected goats (X), birthrate for I individuals
(v), birthrate for R goats (it), probability o f perinatal infections (e) and the
per capita mortality rates (p) are also shown.
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4.2.1. Model inputs and their hypothesized distributions
The initial total goat population o f 5.5 million (Kiwuwa, 1998) was
distributed into S, I, R and Z compartments according to a population femalermalc ratio
of 7:3 and the 9.8% prevalence o f B. melitensis estimated from goats in eastern and western
Uganda (Chapter 3) and according to a 2% hypothesized proportion of goats assumed to
have acquired solid immunity through natural infection. The contact rate between goats
(irrespective o f their Brucella infection status), probability o f an infective contact and
proportion o f I and R births that are infected were modeled as random variables. Birthrates
and mortality rates were modeled as normally distributed variables. Birthrates for S, I, R
and Z sub-population were modeled independent o f the total population while mortality
rates for all compartments were a function o f some hypothesized baseline death rate
(0.1 ±0.02) and an increment that was dependent on the total population size at any time,
t. This function was included to prevent population explosion and to constrain the
population to some model-determined carrying capacity. Model parameters and their initial
values arc shown in Table 4.1.
Table 4.1. Description o f parameters and their values in the Brucella melitensis
transmission dynamics and control model for the goat population in Uganda
Model variable

Possible initial values

Projected total goat population (P) in 1998

5.5 million (=70% are females)

No. of female goats susceptible (S) to Brucella at t —0

3.40 million

No. of Brucella infected (1) female goats at t - 0

0.17 million

No. of female goats in the carrier state (R) at t = 0

0.17 million

No. of immune female goats (Z) at t = 0

0.08 million
Table cont'd
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Model variable

Possible initial values

Per capita birthrate (A.) for the non-infected (S and Z) goats

0.5 = 0.05

Per capita birthrate (v) for newly infected (I) goats

0.3 = 0.05

Per capita birthrate (rt) for partially immune (R) goats

0.4 ± 0.05

Per capita mortality rate for all sub-populations (p)

(0.1 = 0.05)= 0.01*Total population

Contact rate (c)

0.5-0.8

Probability o f infective contact (p)

0.4-0.8

Force o f infection for Brucella (P)

cp(I+R)/(S+I+R*Z)

Proportion o f kids from I and R that have Brucella
infection (e)

0.85 = 0.15

Rate o f transition to susceptibility (<f>)

0.035 to 0.48

Transition rate from infected to carrier state (y)

Function (period post infection)

Transition rate from carrier to immune state (o)

0 to 0.53

Vaccination coverage (p)

0.95

Vaccine efficacy (ca)

0.85

4.2.2. Modeling procedure
Simple pure birth and pure death models were developed in an attempt to determine
per capita birth and death rates that are consistent with the goat population values o f 1983.
1991 and 1998. An infection process was then introduced into simple birth-death model
assuming that exposure had already occurred in a period t < t0, where t„ is the starting time
for the simulation. The force of infection (i.e. per susceptible transmission rate) was
modeled as a function o f the number o f infected goats, total population size, contact rate
and probability o f an infective contact as described for other infections (Nokes, J., 1999,
unpub. observ.). In the third phase annual vaccination at various coverage rates and a fixed
vaccine efficacy was introduced as a potential intervention measure. Simulations were run
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quarterly for 100-150 years. Euler’s method (Peterson and Richmond, 1997) was used to
solve the difference equations every 0.25 year and annual summed ending population
balances in the various compartments were generated.
4.2.3. Expected model output
The model gives the number o f goats in each sub-population before and after
intervention with a vaccine. In addition, temporal trends in prevalence and force o f
Brxieella infection (FOI) are described before and after introduction o f vaccination. Results
o f sensitivity analysis o f key model variables is presented in graphical form.
4.3. Results
4.3.1. Population and infection dynamics without vaccination
The number o f goats in S, I, R and Z compartments over a period o f 100 years of
simulation is presented in Fig. 4.2. At this point no intervention measures were imposed
on the population. This model predicts that the goat population will keep growing and
reach a stable non-trivial equilibrium of about 8 million goats. It also shows that there is
a slow increase in the prevalence o f the infection (Fig. 4.3) and a shift from a high number
o f newly infected (I) goats to high number of carriers (R) in the population (Fig. 4.2). As
expected from this model the FOI varies concordantly with the prevalence o f Brucella in
the population. The model predicts the height o f the epidemic to be reached at 63 years
when the prevalence (55%) and FOI (0.15) of Brucella will be at their highest (Fig. 4.3).
Without artificial intervention, the proportion o f immune goats in the population remains
at baseline (Fig. 4.2).

71

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

4.3.2. Population and infection dynamics with vaccination
Annual vaccination as an intervention measure was introduced into the model and
the behavior o f the epidemic simulated for 100 years. A scenario o f a vaccine with an
efficacy o f 85% (for stopping shedding) was modeled for impact on the prevalence and
incidence of Brucella in the population (Fig. 4.4). With a coverage of 95%, the model
predicts a sharp decline in the number o f infected goats (1 and R) and an increase in the
immune (Z) subpopulation. And because by definition S and Z are hypothesized to have
birthrates higher than those o f I and R, the model shows a shift in the population
equilibrium to a higher level (=10 million) as a result of movement of goats into the
immune state and the consequent increase in the number o f births. It is notable that
irrespective of the level of vaccination, some residual infection will remain in the
population and that the number o f susceptible goats will increase. The prevalence and FOI
as a result of annual vaccination decrease rapidly and tend to zero after about 7 years of
vaccination (data not shown).
4.3.3. Sensitivity analysis
The impact o f changes in model parameters and initial values for stocks were
assessed using the sensitivity analysis option in Stella software. Various levels of
vaccination coverage were assessed so as to identify a level that would eliminate or reduce
the infection appreciably in the shortest time possible (Fig. 4.5). A coverage level o f 95%
was found desirable and its outcome did not appear to be different from that o f 100%
coverage. Surprisingly, even the 75% coverage level proved reasonable. This model
predicts that with a vaccine which is 85% effective in halting shedding and transmission
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and with 100% annual coverage, it would take at least 6 years to reduce the number o f
infected goats to near zero. With the same vaccine but at a coverage level o f 50%, it would
take 12 years. Other options such as biannual or extended pulse vaccination at various
coverage rates and varying initial Brucella prevalence could be evaluated with this model.
4.4. Discussion
A discrete state-transition model for B. meltensis has been developed and is
described in this paper. Although the model is intended for B. melitensis epidemics and is
much simpler than the actual epidemiology o f the disease, it is of importance in that it can
serv e as a partial decision tool in the management o f brucellosis in goats. Firstly, this
model has built-in randomness which allows evaluation of various scenarios and
consequences before a decision on a control approach (e.g. level o f coverage, frequency
of vaccination, and initial Brucella prevalence) is made. Secondly, the model output gives
quarterly or annual population sizes (S, I, R and Z) expected under preset assumptions o f
the epidemic. Furthermore, epidemiologic measures o f disease frequency (e.g. cumulative
incidence rates, point or period prevalences) can be directly computed from the model.
Such information is easily transferred to computer spread sheets for further analysis. Such
analysis would include estimates o f the cost o f the vaccination program, expected benefits
and benefit-to-cost ratios under various scenarios that can be evaluated using this model.
A number o f model parameters, especially birthrates and death rates were modeled
as normally distributed variables and the model was designed to randomly pick a rate from
within the distribution. This approach, unless additional programming is done, has a
potential problem o f generating parameter values that are not constrained to lie between
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0 and 1, especially if the mean o f the distribution is close to 0 or 1 (Dr. George Cochran,
2000. pers. comm.). Values lying outside o f this range are invalid for birth and death rates.
Thus birth and death rates generated in various simulations were checked for this potential
problem and fortunately it did not occur. The other potential problem seen in computer
sampling techniques is biased sampling in which values closer to the middle o f the
specified distribution tend to have a higher probability o f being sampled (Anon., 1997).
It is interesting to note that although the model was developed for the brucellosis
situation in goats in Uganda, it can easily be adapted to goat populations elsewhere and
more importantly to other livestock species that are susceptible to Brucella. This would
require adjusting birth and death rates in the relevant host. In future this model will be
expanded to include other species known to be important in the epidemiology o f
brucellosis.
It is desirable to test the performance o f this model using pre- and post intervention
data generated from a real world epidemic. It is also necessary to develop macros that
allow input of key model parameters and simulating a given Brucella epidemic scenario
without having to go into the computer code for this model. These concerns will be
addressed in subsequent improvements o f this model.
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Fig. 4.2. Transmission dynamics oUinicelhi melitensis

in a previously exposed goat population
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Fig. 4.4. Transmission dynamics of linirclla in goats under an annual vaccination program with a coverage of
95% and vaccine efficacy of 85%.
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Fig. 4.5. Sensitivity analysis o f the effect varying vaccination coverage on num ber o f infected goats in the
population.
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CHAPTER FIVE
CROSS-SECTIONAL PREVALENCES AND RISK FACTORS FOR SOME
RESPIRATORY DISEASES OF GOATS IN EASTERN
AND WESTERN UGANDA
5.1. Introduction
In Uganda, goats are raised under various management systems. These range from
simple tethering to intensive rearing in drought-free slatted floor houses. The management
system used seems to depend on the area of the country, herd-size, breed o f goats, and on
whether livestock or crop production is the major form of agriculture in the area.
Anecdotal reports from Uganda and studies on goat health from other African
countries have shown that respiratory diseases in goats are common and important (OpudaAsibo, J. 1997, unpub. observ.; Nfi and Ndamukong, 1997; Kusiluka et al., 1998). In
Tanzania, Kusiluka et al.( 1998) showed that respiratory infections arc common and that
their prevalence ranges from 0.8% (tethering system) to 41.4% (pastoral system). The
prevalence and factors influencing the occurrence of various respiratory diseases in
Ugandan goats have not been well investigated. In one study, an outbreak o f a respiratory
disease in a herd in north-castem Uganda was investigated and Mycoplasma capricolum
subspecies capripnuemoniae ( the causative agent o f contagious caprine pleuropneumonia)
was isolated from both sheep and goats (Bolske el al., 1995). In two other studies,
antibodies against peste des petits ruminants (PPR) virus, the causative agent o f a severe
and economically important respiratory disease, have been detected in goats in Uganda
(Wamwayi et al., 1995; Anon, 1998). Although contagious caprine pleuropneumonia
(CCPP). PPR and other respiratory diseases are known to cause severe economic losses,
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there are no recent reports on the prevalence, distribution and control approaches for these
diseases in goats in Uganda.
This study attempted to establish the proportion o f herds and individual goats with
clinical respiratory conditions (CRC) o f any cause and also to determine the bacterial,
mycoplasmal and viral pathogens involved. A goat was considered to have a CRC if on
physical examination it had labored breathing, nasal discharges or coughing. These goats
were also tested for antibodies against M. ccipricolum subspecies capripneiimoniae and
against PPR virus. The other objective was to identify factors that influence the occurrence
o f respiratory diseases in goats in Uganda. Pasteurellosis, CCPP and PPR were the major
respiratory diseases targeted in this study.
5.2. Materials and Methods
5.2.1. Study area, sampling and sample collection
Five districts in eastern (Kumi and Soroti) and western (Masaka, Mbarara and
Ssembabule) Uganda that are known to have large numbers o f goats were conveniently
chosen for inclusion in this study. Cluster sampling using local administrative zones as
primary sampling units was used to select goat herds from the five districts. The number
o f goats selected from each herd was determined according to the tables by Canon and Roe
(1982) and assumed a 5% within-herd prevalence for each o f the diseases studied. Because
there were many farms (51 %) with s 10 goats and because o f the 5% prevalence target, this
sampling strategy (for most herds) resulted in selection o f all the available goats on the
farm except those <6 months of age and thought to possess maternal antibodies against
PPR virus, CCPP mycoplasma and Brucella. A physical examination to determine whether
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they had a CRC, ectoparasites and/or other health conditions was also performed on each
selected goat. In addition, all goats above six months o f age were bled to obtain serum for
PPR and CCPP antibody detection. A nasal swab for bacteriology was collected from each
o f the 95 goats conveniently selected from those with clinical respiratory problems. Swabs
were immediately inoculated into Stuart’s transport medium (STM) in Bijou tubes and kept
on ice-packs till refrigerated. The details of the sampling scheme and descriptive attributes
o f the herds studied arc described Chapter 2.
5.2.2. Detection of bacteria in nostrils of sick goats
Isolation and identification o f bacteria was done in a four-step procedure.
•

A sample in Stuart’s transport medium was streaked on blood agar (BA) and on
Baird-Parker medium (BPM), which is selective for Staphylococcus aureus, and
then incubated for 24-48 hours at 37°C. Growth and colony morphology ofbacteria
on BA and/or BPM were recorded.

•

Colonies on BPM were recorded as S. aureus while unique colonies on BA were
subcultured on BA to obtain pure cultures and these were examined for
morphology and hemolysis.

•

Gram stain and oxidase test were performed on pure colonies to determine the
identity o f the bacteria. Various genera ofbacteria were isolated, identified and
recorded.

•

Bacteria from oxidase-positive colonies were subcultured on BA and on
MacConkcy to rulc-in or rule-out P. haemolytica. This test was in addition to other
bacteriological tests for Pasteurella. All bacterial isolates that were oxidase
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positive, Gram-negative and o f rod-morphology were examined for bipolar staining
and for presence of a capsule. In addition to seeing the capsule in Gram-stained
bacteria, further demonstration o f the capsule was done in wet mounts using India
ink. Bacteria were considered to be P. multocida if they were oxidase-positive,
Gram-negative rods/cocci, showed bipolar staining, had a capsule and did not grow
on MacConkey. However, other bacteria that had the above characteristics but grew
poorly on MacConkey were also considered to be P. multocida. If they had the
above characteristics but grew well on MacConkey they were considered to be P.
haemolytica.
5.2.3. Detection of antibodies against M. capricolum subspecies capripneumoniae
Resources available for this study allowed CCPP tests to be done only for 2
districts in the east (Kumi and Soroti) and one in the west (Mbarara) for a total o f 69 goat
herds. A competitive ELISA kit from CIRAD-EMVT, France (Thiaucourt el al., 1994)
was

used

to

detect

antibodies

against

Mycoplasma

capricolum

subspecies

capripneumoniae in goat sera. Briefly, 50 pi o f test and control sera were distributed with
a multichannel pipette into appropriate wells o f an antigen-coaled ELISA plate and then
incubated at 37°C for one hour. Wells FI, F2, G1 and G2 did not receive any serum and
served as monoclonal antibody (Mab) control wells (0% competition). After washing the
plates 3 times, 50 pi o f the diluted Mab were quickly added to all but the conjugate control
wells (100% competition). After incubating for 30 minutes, discarding the Mab and
washing the plates twice, 50 pi o f the conjugate were added and plates incubated at 37°C
for 30 minutes. Plates were washed 3 times and then lOOpl o f freshly prepared ABTS
84

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

substrate-chromogen system added to all wells. Plates were incubated at room temperature
until the optical density o f the 0% control reached between 0.8 and 1.6 at 405 nm. The
percentage o f competition or inhibition o f the reaction (PI) was determined as follows:
PI = 100 [(ODNlab - ODXcst) / (ODNlab - ODConj^ tc>]
Samples with PI values below 15% were considered negative, those between 15 and 20%
were categorized as dubious while those above 20% were recorded as positive.
5.2.4. Detection of antibodies against peste des petit ruminants virus
A commercial competitive ELISA kit (Biological Diagnostic Supplies, Ltd,
Ayrshire, Scotland) was used to detect antibodies against PPR virus (Anderson and
McKay, 1994). Briefly, 10 pi o f test and control sera were distributed on plates coated with
PPR virus antigen and containing 40 pi o f blocking buffer. All test samples were run in
duplicate. Immediately after addition o f sera, a mouse anti-PPR monoclonal antibody was
added to all wells of the plate except the conjugate control wells. After 1 hour o f
incubation and washing thereafter, 50 pi o f rabbit anti-mouse conjugate was added to all
wells and then the plate incubated for 1 hour. Presence of anti-PPR antibodies was detected
by use of OPD-Hydrogcn peroxide indicator system. A sample was considered positive if
the mean percentage inhibition was >50% and negative otherwise.
5.2.5. Data analysis
Univariable analysis for associations among variables was done in Epilnfo (Dean
et al., 1995), while modeling for risk factors was done in SAS (SAS institute, Cary, NC,
U.S.A.). PEPI software (Gahlinger and Abramson, 1995) was used to perform Fisher exact
tests required to determine associations among cross-classified variables that had <5 counts
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in >25% o f the cells. Chi-square or Fisher exact /7-values were obtained and used to
determine the significancy o f associations among variables. Respiratory diseases were
considered to be a problem on the farm if at least one goat on the farm had a clinical
respiratory condition on the day o f the visit. A herd was classified as positive for CCPP if
at least one goat from that herd tested positive for CCPP and negative otherwise. The same
criterion was used for PPR.
All management practices with a x2 p-valuc o f < 0.25 when cross-tabulated with
CRC (for one model) or CCPP status (for another model) were offered to a respective
logistic regression model for stepwise selection. The probability for entry/staying in the
model was set at 0.1. Modeling could not be done for PPR because only two positive herds
were detected in the sample. Indicator variables were created for polytomous explanatory
variables. Multicollinearity among variables selected by the model was assessed by
determining the associations among model variables using the

x2_tcst 25 described

previously (Kabagambe et al., 2000). The models were checked for goodness of fit using
Hosmcr and Lemeshow statistic (Stockes et al., 1996; SAS, 1994). In addition, the deviance
and log-likelihood statistics were examined. The management system was forced into all
the models because many variables were significantly (p<0.05) associated with it. This
variable was later dropped from the CRC model because it was not significant on the
deviance test (p >0.05) and caused instability in model parameters and their standard
errors. Conditional odds ratios o f independent variables and associated outcomes and their
95% confidence intervals were obtained from the multivariable logistic regression models.
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5.3. Results
5.3.1. Bacteriology results
A total o f 145 goat herds with 1518 goats was studied. Clinical respiratory
problems were detected in 29.7% (43/145) o f the goat herds visited. 17.5% (261/1493) of
the goats examined had respiratory conditions that could be detected clinically. A
bacteriological examination o f a sample from the clinical cases revealed that
Staphylococcus aureus (71.6%, 68/95), P. multocida (55.8%, 53/95) and P. haemolytica
(25.3%, 24/95) were the most common bacterial pathogens isolated. Proteus spp. was also
common (15.8%, 15/95) whereas Streptococcus spp. (5.4%, 5/95) and Klebsiella spp.
(2.2%, 2/95) were rare. 9.8% o f the isolates could not be identified at genus level. Goats
in which P. haemolytica was isolated also tended to have P. multocida (x2 p <0.01).
5.3.2. Risk factors for clinical respiratory conditions
Occurrence o f clinical respiratory diseases was univariably associated with the
management system and the elevation o f the farm, among other variables (Table 5.1).
Herd-level adjusted odds ratios and 95% confidence intervals for various risk factors for
clinical respiratory conditions are given in Table 5.2.
Table 5.1. Distribution of goat herds with clinical respiratory conditions by management
practices and other factors in eastern and western Uganda
Variable

Levels

No. o f herds

District

FCumi

24

37.5

Masaka

36

19.4

Mbarara

24

37.5

Percent with clinical
respiratory conditions

Table cont'd
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P
0.00P

Variable

Levels

No. of herds

Soroti
Ssembabule

Percent with clinical
respiratory conditions

54

20.4

7

100.0

Major management

Browsing

34

55.9

system

Tethering

97

21.7

Zero-grazing

14

21.4

Management is by a hired

Yes

16

56.3

caretaker

N'o

126

26.2

Isolate newly introduced

Yes

6

66.7

goats

No

113

28.3

Lend breeding buck to

Yes

41

46.3

other goat farmers

No

77

27.3

Get advice on goat

Yes

79

36.7

management

No

65

20.0

Have cattle on farm

Yes

92

38.1

No

44

9.1

Yes

33

42.4

No

101

22.8

Yes

56

16.1

No

78

35.9

Have sheep on farm

Have pigs on farm

Table cont'd
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P

0.00 P

0 .0 1a

0.07b

0.04a

0.03a

0.0011

0.031

0.01a

Variable

Levels

Ilerd-size

>10 goats

71

46.5

s 10 goats

74

13.5

Yes

58

44.8

No

81

21.0

Clinical mange detected

Yes

6

66.7

on the farm

No

139

28.1

Clinical orf detected

Yes

15

80.0

on the farm

No

130

23.9

Goats drink from a

Yes

37

56.8

communal water source

No

101

18.8

Drinking water is provided

Yes

81

24.7

within the homestead

No

58

37.9

Any contact with other

Yes

76

39.5

goats

No

69

18.8

Contact with other goats

Yes

28

53.6

at communal water points

No

58

22.4

Contact with wild

Yes

40

47.5

game animals

No

105

22.9

Castrate

No. o f herds

Percent with clinical
respiratory conditions

Table cont'd
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P
0.0011

0.003J

0.06b

<0.00 l b

0.001*

0.09b

0.0 P

<0.0 P

<0.0 P

Variable

Levels

Farmer knows a nearby

Yes

120

32.5

veterinarian / AHO

No

23

17.4

Farm elevation

Uphill

84

41.7

48

25.0

No. o f herds

Percent with clinical
respiratory conditions

P
0.15a

0.051

Valley / flat
area

Farmer owns all the goats

Yes

55

21.8

in the herd

No

55

43.6

Goats share food

Yes

56

48.2

No

88

18.2

Yes

37

43.2

No

107

25.2

Supplement goat feeds with

Yes

34

14.7

cut forages

No

111

34.2

Goats share water

0.02a

0.00 l a

0.04a

0.031

a Chi square p-value; bFisher’s exact p-value.
5.3.3. Contagious caprine pleuropneumonia
Antibodies against M. capricolum var capripneumoniae were detected in 29.7%
(247/831) of the goats tested. These goats were distributed in 55% (38/69) of the herds
tested for this disease. Most o f the reactors (85.4%; 211/831) were found in herds from
Mbarara district. The distribution of CCPP positive herds by potential risk factors is
described in Table 5.3.
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Table 5.2. Multivariable logistic regression model o f herd-level risk factors for clinical
respiratory conditions o f goats in eastern and western Uganda
Variable

Levels

Elevation o f

Uphill

the farm

Valley/flat land

Herd-size

>10 goats

b
1.13

Se(b)

P

Odds ratio
(OR)

95% Cl
o f OR

0.48

0.02

3.1

1.2. 8.0

1.0

1.11

0.46

0.02

s 10 goats

Get advice on

Yes

goat management

No

Supplement goat

Yes

feeds with cut forages

No

3.0

1.2. 7.5

1.0

1.14

0.46

0.01

3.1

1.3. 7.6

1.0

-1.32

0.67

0.05

0.27

0.1. 0.99

1.0

Hosmer-Lemeshow statistic = 7.6 (p = 0.27, df = 6).
Although significant (/?<0.05) herd-level associations between CCPP antibody status and
management practices were detected in univariable analyses, none o f these variables was
found to be significantly associated with CCPP seropositivity when analyzed with a
multivariable logistic regression model. Univariable analysis o f individual goat data
revealed that CCPP antibody status was associated with concurrent contagious ecthyma
infection (unadjusted UOR = 11.2, Cl 3.5, 40.0) and movement into or out o f the herd in
the last 30 days (UOR = 3.2, Cl 1.1,9.1) but not with sex, age-catcgory, clinical mange or
body condition score.
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Tabic 5.3. Distribution o f goat herds with contagious caprine pleuropneumonia (CCPP)
reactors by management practices and other factors in eastern and western Uganda
Variable

Levels

District o f origin

Kumi

No. o f herds

Percent with
CCPP reactors

P

24

41.7

0.01a

Mbarara

24

79.2

Soroti

21

42.9

Major management

Browsing

23

73.9

system

Tethering

46

45.7

Clinical orf detected on

Yes

9

88.9

the farm

No

60

50.0

Goats are provided with

Yes

19

36.8

minerals (household salt)

No

23

78.3

Farmer owns all the

Yes

20

40.0

goats on the farm

No

35

65.7

Have pigs on farm

Yes

19

42.1

No

43

60.5

>10 goats

44

44.0

s 10 goats

25

61.4

Any contact with other

Yes

48

60.4

goats

No

21

42.9

Herd-size

Table cont'd
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0.03a

0.04b

0.0 l a

0.06a

0.1 Sa

0.16a

0.18a

Variable

Levels

Goats drink from a

Yes

communal water source

No. o f herds

Percent with
CCPP reactors

P

23

87.0

0.00 P

No

41

39.0

Drinking water is provided

Yes

44

38.6

within the homestead

No

21

81.0

Contact wild game animals

Yes

27

74.1

No

42

42.9

Goats restricted to the

Yes

50

50.0

farmers premises

No

19

68.4

Farm elevation

Uphill

15

80.0

Valley / flat area

49

51.0

Goats share food with

Yes

36

63.9

other goats

No

33

45.5

Goats share water with

Yes

27

77.8

other goats

No

42

40.5

At night goats are kept on

Yes

33

42.4

the verandah o f the house

No

32

68.8

0.00 P

0.0 P

0.1 T

0.07b

0.12*

0.0023

0.03a

3 Chi square p-value; bFisher’s exact p-value.
5.3.4. Peste des petits ruminants
Antibodies against PPR were detected in 0.5% (8/1466) o f the goats. Seven of these
reactors were found in one herd in Masaka district and one in a herd in Kumi district.
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Records for the herd in Masaka indicated that the goats had been vaccinated against
rinderpest, thus making it difficult to determine by serology whether the antibodies were
due to PPRV or rinderpest virus (vaccine strain). Because PPR was found to be rare in the
population studied, no additional analysis was done for this disease.
5.4. Discussion
The objective o f this study was to estimate cross-sectional prevalences o f clinical
respiratory conditions and those detected by serology in goats in eastern and western
Uganda. The other objective was to determine if there were management practices that
influence the distribution o f these respiratory diseases. The results o f the present study
show that respiratory diseases are prevalent especially in western Uganda (Tables 5.1 and
5.3). These results are similar to those from Cameroon and Tanzania in which respiratory
diseases were found to be prevalent and univariably dependent on the goat management
system for their distribution (Nfi and Ndamukong, 1997; Kusiluka et al., 1998). Current
data on the occurrence, distribution and importance o f various goat respiratory diseases in
Uganda is lacking. In an attempt to get the general picture o f the prevalence of respiratory
conditions in Uganda a broad definition (goat having nasal discharge, labored breathing
or coughing irrespective o f the cause) for a case o f clinical respiratory condition was used.
Although this approach is not the best, it gives a good starting point for more specific
investigations.
The overall cross-sectional prevalence of all-cause clinical respiratory conditions
(29.7%) and the prevalences estimated for various management systems in this study
(Table 5.1) are comparable to those reported in Tanzania (Kusiluka el al., 1998). The
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estimated prevalences o f respiratory conditions for the pastoral and tethering systems in
Uganda (and Tanzania) were 55.9% and 21.6% (and 41.4% and 0.8%), respectively. In our
study there was no difference between the prevalence o f CRC in herds where zerograzing
is practiced (21.4%, 3/14) and those that tether (21.6%, 21/97). When compared to the
tethering system in a multivariable model with herd-size as a covariate, the browsing
(pastoral) system was not found to be significantly associated with CRC (Adjusted OR=
0.9. 95% Cl 0.3. 3.4) and based on the deviance test this variable was removed from the
final CRC model. Furthermore, multicollinearity between herd-size and the management
system was evident (x2 p < 0.01). In the final model without the management system as a
covariate, large herd-size (>10 goats), getting advice on goat management, location o f the
farm on a high elevation (e.g. on a hill) and supplementation with cut forages were
significantly associated with CRC (Table 5.2). During the field visits, especially in the
pastoral system, overcrowding was observed on farms with large herds and especially
where some night facility (e.g. a kraal or temporary house) was in place. The landscape in
Mbarara and Ssembabulc districts is hilly and the weather can be very chilly at night and
early in the morning. This, together with large herd-size and the associated overcrowding
stress can further predispose goats to respiratory diseases. Small herd owners have houses
for their goats or some keep them in the human house at night and this may explain the
reduced odds o f CRC observed in small herds.
The resources, design and objectives o f this study did not allow a detailed
evaluation o f factors such as season, stocking density, quality of goat houses (where
available), rainfall, and measurement of minimum and maximum temperatures in these
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areas. Such factors can also influence the occurrence o f respiratory conditions in livestock
populations. The finding that farmers who get advice on goat management have three times
higher odds of having CRC on their farms compared to those who do not may simply
indicate that farmers tend to visit a veterinarian or animal husbandry officer only when
their animals are sick compared to visits to seek advice on disease prevention. This
inability to determine whether farmers go to a veterinarian for advice before or after a
disease has struck (i.e. difficulty o f separating antecedent from consequent events) is
another shortfall (or bias) associated with cross-sectional study designs. More studies,
especially longitudinal, are needed to re-evaluate the factors identified in this study in
addition to other putative risk factors.
Although only 831 serum samples from 69 herds were tested for CCPP, the finding
o f 29.7% overall CCPP seroprevalence is of epidemiological significance. Furthermore,
most o f these reactors were found in Mbarara district (west) where most of the cases of
clinical respiratory conditions were found. This may indicate that some of the cases of
CRC observed in Mbarara are due to CCPP. Most o f the herds tested (55%, 38/69) for this
disease were found to have at least one reactor. This may pose a risk of further
transmission of Mycoplasma capricolum subspecies capripneumoniae among goats if
control measures are not designed and implemented. In west Africa and now Kenya, CCPP
has been recognized as an important disease and control programs are being implemented.
The economic importance o f CCPP in goat production systems and the need for control
programs has already been emphasized by the International Livestock Centre for Africa
(ILCA. 1979).
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When other variables such as management system and herd-size were controlled
for, none o f the herd-level factors studied was found to be significantly associated with
C C PP. Failure to detect factors that influence the occurrence o f CCPP may, in part, be due
to low statistical power associated with our hypothesis tests in the model building process.
This is because only 69 herds were available for this analysis.
Pasteiirella multocida and P. haemolytica were isolated in clinical cases. This data
is only from a small sample o f clinical cases. It was therefore not possible to associate
CCPP with the bacterial isolates or to determine whether pasteurellosis was consequent to
CCPP or vice-versa. Furthermore, cultures from nasal swabs tend to favor isolation of
bacteria which grow easily and not those which grow slowly such as the mycoplasmas
(Thiaucourt, F., 2000, pers. Comm.). It is therefore likely that other important bacteria
could have been missed in these cultures. It is also possible that Staphylococcus aureus and
Streptococcus species isolated in nasal swabs could have been mere contaminants.
Results o f this study support earlier findings o f Wamwayi et al.( 1995) and o f Anon.
(1998) that PPR exists in Uganda. Both studies reported presence o f antibodies against
PPR virus in goats in northeastern Uganda. In the present study 1466 serum samples from
5 districts in eastern and western Uganda were screened for exposure PPRV and antibodies
were detected in only two herds; one in Kumi district (eastern) and another in Masaka
district (western Uganda). It is to be noted that goats in the positive herd in Masaka district
had been vaccinated against rinderpest using the cattle vaccine. Cross-protection and cross
neutralization between PPRV and rinderpest virus have been demonstrated (Anderson et
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al., 1994). Thus it is possible that the antibodies detected in the vaccinated herd were
against rinderpest vaccine strain and not PPR virus.
It is difficult to compare the prevalence o f 0.5% (8/1466) detected in our study with
earlier reports that detected 3 reactors out o f the 6 goats tested in eastern Uganda, but are
comparable with those from northern Kenya in which a seroprevalence o f 0.8% (2/262)
was estimated (Warmvayi et al., 1995). These findings may also indicate that although PPR
is present in goats, its distribution is limited to a few herds only. Thus continued
surveillance to detect reactors and/or cases as early as possible so as to curb the spread o f
the disease to sentinel goats in other regions is necessary. This is supported by the findings
of Wamwayi et al. (1995) who reported that the geographical range o f PPR was moving
southwards from Ethiopia and Sudan. A vaccine for PPR is available and it may be
beneficial to initiate a vaccination program especially in northeastern Uganda. This
vaccination against PPRV is also important for the effective control o f rinderpest. It has
been shown by Anderson and McKay (1994) that PPR virus infection in cattle is associated
with sero-conversion and interference with vaccination against rinderpest. Thus
vaccination of small ruminants and the associated reduction in the prevalence of the PPR
virus in both cattle and goats would benefit contagious bovine pleuropneumonia control
programs which are in place.
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CHAPTER SIX
NEMATODE BURDEN AND RELATIVE PROPORTIONS OF VARIOUS
WORM GENERA IN GOATS SLAUGHTERED AT UGANDA MEAT
INDUSTRIES ABATTOIR IN KAMPALA, UGANDA
6.1. Introduction
Gastrointestinal nematode parasitism is probably the number one cause of
economic losses in small ruminants in tropical countries o f the world. Because o f the
chronic nature o f the disease, especially in adult animals, the effects o f nematodes may not
be recognized. And in some cases when recognized, appropriate intervention is often not
instituted. These observations are supported by the findings o f the recently completed
survey (see Chapter 2) o f goat health and management practices in eastern and western
Uganda in which 79% o f the 145 fanners visited reported worms as a major problem, and
many others ranked parasitism by worms as the number one constraint among other
problems on the farm. Despite this apparent awareness o f the problem, only a few farmers
treated their goats with commercial anthelmintics (Chapter 2).
Although, nematodes are known to cause ill health and economic losses in livestock
and to vary in their sensitivity to anthelmintics (Javed el al., 1992; Githigia et a/., 1999,
unpub. observ.), there is no published information showing the prevalent nematode genera,
corresponding worm burdens and associated economic losses in Ugandan goats.
In one study at Makerere university, Lubega and Bwanika (unpublished observ.,
1998) reported that many goats on farms in Mukono district have high fecal egg counts
(FEC) and that drug resistance was not a problem in the control o f helminth parasites o f
goats in this region. However, resistance against levamisole has been suspected in other
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parts o f the country because o f the low efficacy (48%) on FEC reduction test (Magona and
Musisi, 1999, unpub. observ.). It was also established (Bwanika and Lubega, 1999, unpub.
observ.) that 52% o f the goat farmers they interviewed use herbs to treat their goats against
helminth infections. It is also known that in various hosts with mono-specific or mixed
nematode infections, FEC correlate with worm burdens (Baker et al., 1991). Most o f these
studies have been done in sheep and little has been reported for goats, especially in the
tropics. Fecal egg counts are routinely used for assessing nematode burdens in cattle and
sheep prior to anthelmintic treatments. The relationship between FEC and worm counts of
goats is not well documented and a study describing this relationship would be o f value in
determining when to give anthelmintic treatments in goats.
This study attempted to determine the prevalent nematode genera and associated
worm burdens in Ugandan goats by conducting a pilot study on goats submitted for
slaughter at Uganda Meat Industries abattoir (UMI) in Kampala, Uganda. Guidelines for
determining whether the level o f nematode parasitism in sheep and cattle is low or heavy
have been documented (Hansen and Perry, 1990) and have been adopted for this study. In
addition to determining mean nematode worm burden, correlations between FEC (from
goats with mixed infections) and total number o f gastrointestinal nematode worms in
slaughtered goats were determined.
6.2. Materials and Methods
6.2.1. Study design and data collection
Twenty seven goats were selected from goats presented for slaughter at UMI
abattoir in Kampala. Systematic sampling was attempted but proved to be impractical
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because some o f the owners o f selected goats were not willing to sell the abomasa and
intestines to the investigators. Thus goats were sampled only if the owner agreed to sell the
offals and to give information on the origin o f the goat. Goats slaughtered at UMI abattoir
come from various parts o f the country. Briefly, the following were done for each selected
goat:
(a)

The owner o f the goat to be slaughtered was contacted to determine whether he was
willing to sell the stomach and intestines to the investigator.

(b)

The origin, sex, age category and breed of the goat were determined and recorded.
In addition, antemortem and postmortem examinations were done and clinical
conditions encountered were recorded. A blood sample for another aspect o f this
study was also collected.

(c)

A fecal sample was collected from the rectum o f each selected goat to determine
the number o f nematode eggs per gram of feces.
After antemortem examination and slaughter, viscera (abomasum, small and large

intestines only) from selected goats were purchased unopened. Each compartment was
ligatured before being moved to another section of the abattoir where they were processed.
Each of the above compartments was split open with a pair o f scissors into a separate clean
bucket, and contents mixed with water to make a total volume o f 10 liters. After thorough
washing and stirring, an aliquot o f one liter (10%) was collected, formaldehyde added and
then kept in a plastic container until worms were picked from a sub-aliquot o f 100 ml. This
method was modified from that used for sheep (Waruiru et al., 1993).
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Small amounts (ca 5-10 ml) o f the sub-aliquot were transferred onto a petri dish
and 2-3 drops of aqueous iodine added to stain the worms. All worms were hand-picked
with a curved needle mounted on an insulin-syringe and then transferred to a microscope
slide (with a drop o f lactophenol solution) in groups o f up-to five worms. The worms were
then covered with a plastic cover slip and examined under x 10 compound microscope to
determine the genus and total number of worms in the aliquot. The total number o f worms
in 100 ml aliquot was multiplied by 100 to estimate the total nematode worm burden. In
addition, the proportion o f each nematode genus in each gut compartment and as a
percentage o f the total worm count was determined.
6.2.2. Statistical analysis
Total and group-specific mean FEC and NWC were computed using SAS software
(SAS Institute, Cary, NC, U.S.A.). Pearson correlation coefficients for FEC and total NWC
were also determined. The significance o f differences in FEC and NWC for different sex
and age-groups was assessed using the unpaired t-Test procedure o f SAS. Group means
r standard error of the mean are reported. Differences between group means were
considered non-significant at p >0.05.
6.3. Results
Mean FEC and NWC of goats slaughtered at UMI abattoir are presented in Table
6.1. There were no significant differences (p>0.05) in NWC and FEC o f female and male
goats (Table 6.2). The differences were not significant (p >0.05) even when mean NWC
were stratified by genus o f the worm. The distribution o f FEC and NWC by district o f
origin o f the goat is shown in Table 6.3.
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Table 6.1. Mean total nematode and fecal egg counts o f goats slaughtered at Uganda Meat
Industries abattoir, Kampala, Uganda
Variable

Number o f goats

Mean = standard error

Fecal egg count

24

1352=211

Worms in abomasum

25

204=35

Worms in small intestines

25

20=10

Worms in large intestines

25

36±11

Mean total number o f worms per goat

25

264±37

Table 6.2. Mean FEC and nematode worm counts o f male and female goats slaughtered
at Uganda Meat Industries abattoir, Kampala, Uganda
Variable

Mean counts = standard error o f the mean
Female

Male

1000=240

1498=277

200=49

205=46

Total worms in the small
intestines

14=14

22±13

Total worms in the large
intestines

43±20

33±14

Haemonchus from abomasum

200±49

200=47

Total worm count

257±62

267=47

Fecal egg count

Total worms in the abomasum

The Pearson correlation coefficient o f FEC with the total nematode worm count
was 0.34. The correlation coefficient o f FEC with the total number o f worms in the
abomasum (0.40), with the total number o f worms in the small intestines (-0.24), with total
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number of worms in the large intestines (0.09) and with Haemonchiis contortus from the
abomasum (0.35) were also determined.
Cysticerciis tenuicollis, a zoonotic parasite, was encountered in 16.7% (4/24) of the
slaughtered goats.
Table 6.3. Mean FEC and nematode worm counts o f goats slaughtered at Uganda Meat
Industries abattoir by district o f origin.

Origin of the goat

Number o f goats

Mean FEC = sem

Worm count = sem

Luwero

8

1388=171

313=44

Mbarara

10

867=309

190=72

Mpigi

3

2150±785

267=67

Ssembabule

4

1913=674

350=87

Rakai

2

No sample

No sample

6.4. Discussion
Nematode and fecal egg counts o f a convenience sample o f goats submitted for
slaughter at Uganda Meat Industries abattoir have been investigated. Although the sample
was small and not random, it has given an insight into the FEC and NWC to expect in
goats presented for slaughter. The mean nematode (264 worms) and fecal egg (1352 eggs
per gram) counts observed in this study are quite low and may not represent the typical
level of parasitism in various agroecological zones o f Uganda. However, these low FEC
and NWC may indicate that when selling, farmers tend to select better-performing goats
in order to get a better price! Such goats are likely to have developed appreciable immunity
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towards nematode parasites or are the ones that have been preferentially treated with
anthelmintics.
It is established that goats under free range browsing system o f management tend
to have a lower level of parasitism compared to tethered and stall-fed goats (Kusiluka et
al., 1998 ). And in the present study, 88.9% (24/27) o f the goats came from districts where
free browsing is a common system o f goat management. The actual system o f management
and the deworming history o f the goats before transit to the abattoir could not be
established. The contribution of such factors to worm and fecal egg counts observed in this
study remains obscure.
Correlations between FEC and NWC were low (< 0.4) except for the relationship
between total worms in the abomasum and FEC. High correlations o f up to 0.83 have been
reported for sheep with mixed trichostrongyle infections. Lower correlations in this study
could be. in part, attributable to the high variation in the FEC and NWC. From the
algorithm used to compute Pearson’s correlation coefficient (Kleinbaum et al., 1982), it
is evident that high variability in FEC and NWC is likely to skew r towards the null. FEC
arc naturally highly variable and in this study this variability could have been aggravated
by the small sample size. The other flaw in r is that zero or low correlation imply that there
is not a linear relationship in the variables being analyzed but does not give additional
information on the correlation if the relationship is curvilinear (Freund and Wilson, 1996).
Despite the above inadequacies in the estimation o f nematode and FEC, this
abattoir study has given an insight into the level o f the parasite problem. On-farm studies,
relating the level o f nematode parasitism to season, management practices, production,
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goat breeds and current helminth parasite control methods are required. Furthermore,
studies on the prevalence and impact o f C. tenuicollis, a zoonotic worm encountered in
16.7% o f the goats in this study, needs to be investigated and controlled.
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CHAPTER SEVEN
GENERAL DISCUSSION AND CONCLUSIONS
7.1. Aspects on the purpose and design o f this study
Compared to cattle and other livestock, little is documented about management and
ailments o f small ruminants in most livestock production systems worldwide. The same
is true for Uganda, yet goats are a significant component o f the livestock system and are
targeted for increasing animal protein, especially in the rural communities. It is against this
background that a study was designed to generate baseline information on prevalence and
distribution o f goat diseases and management practices in Uganda. In addition, an attempt
was made to identify factors that are associated with the occurrence o f major diseases on
goat farms. Owing to limited resources available for this study and the desire to improve
the power o f analyses made on the study variables, it became necessary to restrict the
current study to the eastern and western regions o f the country. The reasons for choosing
these two regions are described in Chapter 2. Although there are apparent differences in
terms o f landscape, vegetation and climate between different geographical regions in
Uganda, the results of this study may somewhat be generalizable to the regions not
sampled in this survey. This is because o f the similarities in agricultural practices in
different regions. For instance, the agro-ecological zones in the north are similar to those
in the east while those in the west arc similar to those in the south. Similarly, management
systems, climate and vegetation in the west is similar to that in the south while those in the
north and the east also tend to be similar in these respects.
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A cross-sectional study design (CSSD) was used to generate data on which
inferences from this study are based. The shortfalls associated with this design have
already been highlighted in Chapter 1. Despite these design issues, a cross-sectional design
was found to be the best for this study. Firstly, little is documented about goats in Uganda
and this coupled with a need to generate substantial information about the goat industry,
made the CSSD the best choice for exploring associations among various potential
exposure factors and goat diseases. Secondly, like for many other developing countries, list
frames on livestock populations and their distributions are not available which entailed
choosing a method that would allow an onsite rapid appraisal and construction o f sampling
frames. Thirdly, this design is cheaper to execute and allows assessment o f multiple
potential exposures and outcomes (diseases) — a goal o f this study.
In cross-sectional studies many other design issues arise. These include, but are not
limited to, measurement error bias, validity and precision o f estimates of population
attributes and power to detect associations if they truly exist. In order to limit the potential
bias in descriptive attributes o f the population or the measures o f association for any study,
it is important to limit measurement error and to increase internal validity. This meant valid
and accurate assessment o f potential risk factors (management practices) and also correct
classification o f goats with regard to their disease experiences. To achieve the former, a
protocol meant to improve the validity o f the content o f the questionnaire was used to
formulate questions about the exposure information. Furthermore, administration o f this
questionnaire was restricted to two veterinarians who had received prior training on
administration o f this instrument. Because o f differences in the dialects across the regions,
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one veterinarian administered all the questionnaires in west and another all the
questionnaires in the east. This could have introduced inter-observer bias and regional
differences could potentially be totally confounded with interviewer effects. This was
unavoidable since an interviewer who knew all dialects in the two regions could not be
found.
Antibodies were used as proxies for exposure to a given pathogen. This is
associated with a number o f problems that could have affected estimates from this study.
Firstly, detected antibodies (except if IgM is assayed) do not usually reflect current
infections and could even be cross-reactions from other related pathogens such as Yersinia
enierocolitica serotype 9 for the case o f Brucella (Alton, 1990). Secondly, maternal
antibodies in kids could cause misclassification o f kids as being infected by a pathogen in
question while actually they have never been exposed or infected with the pathogen being
tested for. In this study, this problem was avoided by removing kids (^6 months) from the
sample. The two potential problems attending to the issue o f antibodies are (a) inflation o f
the preset alpha error (5%) used in computing the minimum sample size required to be
95% confident o f detecting the disease if 5% o f the goats are infected, and (b)
misclassification bias which could lead to selection bias and distortion in estimates o f
effect measures.
The other potential problem in this study is that some biologically important
associations could have been missed as a result o f the modeling procedure adopted for this
study. Stepwise logistic regression used in this study selects variables purely according to
their statistical significance and not according to their biological importance (Hosmer and
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Lemeshow, 1989). Although, this problem is acknowledged and there are alternative model
building options, it was not possible to build models based on biological relationships for
all response variables. This is because this approach requires more time and as pointed out
previously, there were many potential exposure variables to be investigated and also
because this study was meant to generate information on associations that could be further
investigated using more efficient designs. However, a number of precautions were taken
to reduce the likelihood of missing such biological relationships. Firstly, only variables
hypothesized to have a biological relationship with the disease o f interest were offered to
the multivariable model if they met the p ^0.25 inclusion criteria. Secondly, for the
Brucella infection model an alternative procedure in which related variables were modeled
together and then those found to be significant in the subset models were offered to a
global model for further selection. A final model was then built and compared to the one
obtained using statistical significance selection criteria. The advantage is that in cases of
limited number o f observations, the second approach is likely to maximize the likelihood
of picking biologically important variables that would have otherwise been missed because
of their low dcviances when other variables are already in the model. Although, there were
a few variables that were identified using the first approach and skipped in the second, and
some that were not identified in the first approach but were identified in the second, in
general the results o f the two approaches were similar in terms of the variables identified.
For instance, the model with Brucella herd-status defined according to both B. abortus and
B. rnelitensis results (Chapter 3) most variables were the same for the two approaches; for
the B. rnelitensis model ‘getting replacement from the market variable’ was not identified
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in the second approach; and in the B. abortus model, use o f hired care taker was identified
as a risk factor in the second approach but not in the first one.
Nonetheless, this study design made it possible to generate a large amount o f
information about goat health and management and various potential risk factors for
selected diseases have been identified.
7.2. Comments on the results
Despite the complications in the sampling and the inherent short comings in CSSD
approach used, the goals and objectives o f this study (Chapter 1) were met. Firstly, a serum
bank for future trace back studies has been established in the Department o f Veterinary
Public Health and Preventive Medicine at Makerere University, Kampala, Uganda.
Secondly, two electronic databases (one with herd-level and another with goat-level
information) have been created and are coded for linkage with sera from 1518 goats
sampled.
The distribution o f management practices and cross-sectional prevalences o f
diseases detected clinically or by serology have been estimated and documented in Chapter
2. 3 and 5, and in appendix 4. Briefly, CCPP, PPR, mange, orf, hoof conditions, abscesses,
clinical respiratory conditions (CRC) and infestation with ticks were detected in 29.7%
(246/827), 0.5% (8/1466), 0.7% (10/1506), 3.2% (47/1475), 15.7% (237/1509), 2.2%
(33/1508), 17.5% (262/1493) and 28.7% (1423/1509) o f the goats sampled, respectively.
The corresponding distributions of CCPP, PPR, mange, orf, hoof conditions and CRC at
herd-level were 55.1 % (38/69), 2.1% (3/142), 4.1 % (6/145), 10.3% (15/145), 51 % (74/145)
and 29.7% (43/145), respectively. Although current baseline prevalences of certain
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diseases and frequency o f management practices have been determined, there is no
previous information from Uganda against which the current estimates can be compared.
Thus, from this data, it is not possible to tell whether there are major temporal changes in
the distribution and prevalence o f the diseases and management practices studied. This
information on herd and individual goat descriptive attributes is essential for planning
future livestock surveys and for design o f intervention programs. It is evident that CCPP,
hoof conditions, respiratory diseases and tick infestation are the most prevalent and need
to be controlled.
An attempt was made to identify factors associated with occurrences o f goat
diseases. Measures o f association from univariable and multivariable analyses have been
determined and are documented in Chapters 3 and 5. Although odds ratios can be used as
proxies for measures o f disease risk, the estimates obtained from this study should be
interpreted with caution. This is because it was not possible to establish a temporal
relationship between the identified factors and the diseases in question. Furthermore, none
of the factors identified is known to be naturally stable as to be assumed to have occurred
before the disease in question. Therefore, it is not possible to conclusively determine
whether the identified variables are predictors o f disease risk or are mere associated
covariatcs. Nonetheless, interesting associations between potential risk factors and diseases
(e.g. brucellosis, CCPP and clinical respiratory problems) have been identified and will
need to be further investigated in longitudinal studies or through interventional changes.
It is, however, interesting to note that some o f the associations between management
practices and diseases identified in this cross-sectional study have also been documented
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as risk factors in studies elsewhere. The notable ones include the association o f herd-size
and management system with brucellosis and respiratory conditions (Kusiluka et al., 1998;
Mikolon et al, 1998; Mainar-Jaime and Vazquez-Boland, 1999).
7.3. Options for intervention
From the present study, it is evident that most goat farmers do not practice adequate
disease control measures intended to segregate or prevent pathogens from reaching their
livestock (Chapter 2). Furthermore, there is clear need for keeping records, for improving
breeding systems and for planning for drought feeding. It is therefore important to develop
an extension package for goat producers. Such a package should include simplified lessons
on (1) the origin o f disease and its containment (2) vaccination as a tool in disease control
what is good nutrition and what needs to be done and when (4) goat housing (5) breeding
and expected herd reproductive performance (6) review of routine farm practices such as
ecto- and endoparasite control, dehoming, hoof-trimming, and (7) care o f goat kids.
Although, kid mortality was not initial focus of this study and no detailed information was
collected on this attribute, limited information from this study showed that kid mortality
i

was high and needs to be addressed.
The other approach to intervention is through national or individual farm
vaccination programs. Vaccines for diseases such as brucellosis, pasteurcllosis and PPR
are available. A mathematical model for Brucella rnelitensis infection in goats was
developed in this study and shows that annual vaccination with a vaccine which has an
efficacy o f 85% and with coverage o f 75-95% will help prevent the brucellosis epidemic
that appears to be unfolding (Chapter 4).
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It is also desirable to re-implement restrictions on livestock movements across
districts or regions as was done in the 1960s. Such measures are likely to interrupt some
disease transmission and result in increased production. If restriction on livestock
movement is coupled with vaccination, diseases (e.g. brucellosis) could be controlled
probably to levels below their economic thresholds.
7.4. Future studies
Studies on the following aspects o f the goat industry in Uganda are desirable:
•

Temporal changes in the distribution of management practices and disease
prevalence, which is a pre-requisite for emergency preparedness for epidemics.

•

Rate and factors influencing goat kid mortality.

•

Assessment o f reproductive performance and ratio o f breeding bucks to does in
different herds. Shortage o f breeding bucks was identified as a constraint in this
study and appeared to encourage interaction between goats from different herds.

•

Evaluation o f goat disease vaccines in the local environment. Such an evaluation
would include RB51, Rev 1, Pasteurella and PPR vaccines. Typing o f Brucella
isolates from Uganda appears never to have been done and is desirable.

•

Prospective studies on associations between diseases and management practices
(Chapters 3 and 5) identified in this study is needed.

•

Prospective studies on gastrointestinal parasitism.

7.5. Conclusion
The goat industry in Uganda has not been fully evaluated or exploited. It is
evident that the goat industry is growing and could offer a significant contribution in the
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alleviation o f the protein deficit in the human population. The potential for improved goat
production lies in facilitating farmers effectiveness through improved transfer of
knowledge on general management, disease control, provision o f improved breeds and
improvement of the marketing system, both internal and international. Realizing this
potential will require periodic assessment o f the industry for performance and constraints
in the system.
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APPENDIX 1
STANDARDIZED PROTOCOL DEVELOPED FOR USE IN DESIGNING A
QUESTIONNAIRE FOR COLLECTION OF INFORMATION ON
MANAGEMENT, PRODUCTION-CONSTRAINTS AND
DISEASES ON GOAT FARMS IN UGANDA

Information
categories
General

Category
indices
Flock attributes

Index indicators

Key questions

Inventory: now & last year

How many goats on farm?

Flock dynamics

Any movement in last one
month?

Flock ownership

Who owns the goats on farm?

Goat breeds on farm

What breeds are on this farm?

Physical farm
environment

Acreage / land ownership

Carrying capacity assessment!

Production goals

Purpose o f raising goats

Indirect assessment of care?

Main types o f feeds

Legumes, concentrates,
pastures
or others ?

Source(s) / ease of
procurement

Formulated commercially / on
farm or other sources?

Mineral provision

Types, frequency?

Water provision

Availability, source(s)?

Drought feeding

Availability, prior planning?

Husbandry characteristics

Intensive / extensive, etc?

Caretaker o f goats

Laborer, contract rearing, etc?

Goat ownership

Majority by family, non
family,
company?

Breeding flock inventory

Last year and now?

Stock profiles

Inventory by age / gender?

Replacement stock

source(s): markets, farms, etc?

Breeding schemes

Breeding efficiency: Buck to
Doe ratio, adult to kid ratio?

farm
characteristics

Management
practices
Nutrition

Manaecmcnt
systems

Reproduction
management

Table cont’d.
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Information
categories

Category
indices

How many goats are sold per
yr?

Survival before weaning

Self reported kid mortality
rates?

Tactical
(curative)
programs

Treatments as needed

anthelmintics / other diseases?

Scheduled treatments

Which ones?

Prophylaxis &
metaphylaxis

Vaccination

Enterotoxaemias, other
diseases?

Strategic deworming

Anti-nematode agents given?

Preventive surgery

Hoof-trimming, dehoming,
etc?

Ecto-parasite control

Ticks, fleas, mites, lice?

SOPS for incoming goats

Isolation facilities, screening

Facility layout (fencing,
etc)

Goat house (Y/N). if yes type?
Drought free or not?

Sharing o f breeding males,
etc

Borrow /lend bucks?

Contact with other animals

Contact u'ith wildlife, other
goats, cattle, etc?

Types of diseases, time o f
year

Observed endemic/sporadic
diseases by clinical signs?

Zoo-sanitary measures

Call vet./ AHO /Nothing done?

Other aspects o f
biosecurity

Occurrence o f
diseases

Goat
production
constraint
category

Key questions

Goats sold, given away, etc
Production
indices

Ilealth
category

Index indicators

Visits by vets / extensionists
Delivery of
Veterinary
care

Y/N, if Y. freq o f visits, cost
o f service on average?

Ease of getting services

e.g. distance from nearest vet /
animal husbandry officer?

Source o f farm
supplies

Shops, veterinary offices,
markets, etc.

Location?
Distance from farm?

Cost and ease o f
getting farm
supplies

costs of specific types of
supplies e.g. minerals, eartags, etc

e.g. Availability?

Farmers’ view o f
constraints

Financial?
Land?
Breeding stock? etc

To what extent arc these
factors a constraint to
production?
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APPENDIX 2
COVER LETTER AND QUESTIONNAIRE FOR HERD-LEVEL DATA
Dept, o f Veterinary Public Health and Preventive Medicine,
Faculty o f Veterinary Medicine,
Makerere University,
P. O. Box 7062,
Kampala.
Dear Sir / Madam,
Re:

A survey o f health management and prevalence o f selected goat diseases in
eastern and western Uganda

Thank you very much for accepting to participate in the survey o f health
management and prevalence o f goat diseases in Uganda. As you may already know goats
are a very important aspect o f our livestock industry. Apart from their role in traditional
ceremonies, goats have become an important component o f Ugandan exports. Despite this
contribution, information on the current state o f goat management, prevalence o f goat
diseases, and identified needs o f goat producers is lacking. It is against this background
that we request your participation in providing information and goats for obtaining
biological samples such as blood and swabs from the nose. This will greatly help in
understanding the goat industry and constraints to goat production in Uganda. Results o f
this study will be availed to you on request. In addition a sick goat may be dewormed /
treated at no cost. All information that you provide will be strictly confidential. Thank you
very much for your participation.
Yours sincerely,

Dr. Edmond E. Kabagambe

Dr. James E. Miller (Professor, Louisiana State University)

Dr. John Opuda-Asibo (Professor, Makerere University)

120

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

A survey o f health management and prevalence o f selected goat diseases in eastern and western Uganda

Questionnaire No.

County_________

Zone____

fK S& SSk

?fe&»:*£»S3s3S5

1.

Are your goats restricted to your farm premises only? ......................................... Q1

.□ Y es □ No

2. Do wild animals come in contact with your goats? ............................................... Q2.D Y es

□ No

3. Do other goats (e.g from neighbors) come in contact with your goats?............... Q3.D Y es

□ No

4. How do you obtain your breeding stock? Tick all that apply.
(a) S elect from my s t o c k ........................................................................... Q4a.D Y es

□ No

(b) Buy from other fa r m s ........................................................................... Q4b.D Y es

□ No

(c) Buy from the market ........................................................................... Q 4 c.n Y es

□ No

(d) Other sources ............................................................................................ Q4d.D Y es

□ No

5. Do neighbors borrow your he goats for breeding purposes?................................ QS.D Y es

□ No

6. Do you sometimes borrow neighbors he goats for breeding on your farm?............ Q6.D Y es

□ No

7.

Do you quarantine any new goats that are brought to your farm ?..........................Q7.D Y es

□ No

8.

Do you do any o f the following to the newly bought-in goats?
(a) Screen for d isea se s before introducing them into the herd. . . . Q8aC3 Y es
(b) Keep them in isolation for at least

9.

10.

2 w eek s

Q8b.D Y es

□ No
□ No

(c) Give them a long-acting antibiotic................................................... Q 8c.D

Y es

□ No

(d) Treat them for worms (d e w o r m )..................................................... Q8d.D

Y es

□ No

would you be willing to pay for this service? ................................................. Q9.D Y es

□ No

If a veterinarian offered to screen incoming goats for common diseases,

If there are other animals on your farm, do they share food

and

water with your goats?
(a) F o o d

11.

Q10a.D Y es

□ No

(b) Water .......................................................................................Q10b D Y es

□ No

Are you aware o f any goat disease epidemics that have occurred in your
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Questionnaire No.

County_________

Zone____

village? ............................................................................................................ Q11.D Yes
12.

If yes. which ones, when did they occur, and what was done? Write in the space below
Disease

13.

□ No

when it occurred

What was done

(a) ___________

______________________

___________________

(b) ___________

______________________

___________________

For goats that abort, what do you do to the aborted fetus and the placenta?
(a) Usually don’t see th em
(b) Always burry them

Q13a.D Yes
Q13b.D Yes

□ No

Q13c.D Yes
Q13d.D Yes

□ No

□ No

(c) Take the abortus / placenta to the veterinarian /
laboratory
(d) Left at the site of abortion

14.

□ No

(a) For the following list o f goat-health constraints, please indicate whether they occur on your farm
or not. Tick all that apply in the table below.
Constraint

Constraint occurs on the farm
Yes

(i) Stomach and intestinal worms
(ii) Sore mouth disease (Orf)
(iii) Mange
(iv) Ringworm
(v) Abortions
(vi) Respiratory problems
(vii) Enterotoxaemia
(viii) Bloat
(ix) Accidents
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Questionnaire No.

County_________

Zone____

14 (b). For the constraints that have been identified above, please rank them in the order o f
importance. Use roman numerals in the table above to identify the constraints and numbers for
ranking, one (1) being the most important.
15.

Indicate any other health constraints that you consider important on your farm but are not listed
above.

(a ) ...................................................................................................................................
(b ) ...................................................................................................................................
(c)

................................................................................................................................

(d) .............................................................................................................................................................
16.

Do you get advice about management and husbandry o f your
Q16 D Yes □ No

goats?
If yes. where from? Tick all that apply.

(a) Fellow farmers.................................................................... Q16a.Q Yes □ No
(b) Agriculture extension officer

.......................................... Q16b.Q Yes □ No

(c) Veterinarian ................................................................................ Q16C.D Yes □ No

17.

(d) Other sources.............................................................................

Q16d.D Yes □ No

(a). Did a veterinarian visit your farm in the last 12 m onths?....................

Q17a. □ Yes □ No

(b). Did the veterinarian handle any goat health problem s

Q17b.D Yes □ No

18.

How far away from your farm is the nearest veterinarian?

19.

Do you practice any of the following on your farm?

Miles

Don't Know.

(a) Treating of goats for stomach worms ............................ Q 1 9 a d Yes □ No
(b) Administration of drugs to prevent stomach
worm s........................................................................................ Q19b D Yes □ No
(c) Vaccination......................................................................... Q19c.D Yes □ No
(d) Castration........................................................................... Q 1 9 d d Yes □ No
(e) Dehoming........................................................................... Q19e D Yes □ No
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Questionnaire No.

County_________

Zone____

(f) Hoof-trimming ......................................................................... Q19f.D Yes □ No
(g) Pregnancy checks ............................................................

Q19g.D Yes □ No

(h) Animal identification e.g. ear-tagging.............................. Q19h.D Yes □ No
20.

If you vaccinate, which diseases do you vaccinate against? Tick all that apply.
(a) Clostridial diseases ( C & D ) ...........................................

Q20a.D Yes □ No

(b) Tetanus........................................................................................... Q20b.D Yes □ No
(c) Brucellosis .........................................................................

Q20c.D Yes □ No

(d) Other diseases................................................................... Q20d.Q Yes □ No
2 1.

Have you heard about the following goat diseases before? (Names to be translated &/or described).
(a) Brucellosis (abortion storm in g o a ts ).............................. Q21 a.□ Yes □ No
(b) Contagious caprine pleuropneumonia
(C C P P )...................................................................................... Q21b.D Yes □ No
(c) Pasteurellosis

................................................................... Q21c.D Yes □ No

(d) Caprine arthritis and encephalitis (C A E ) ........................ Q21d.D Yes □ No
(e) Peste des petit ruminants.................................................. Q21e.D Yes □ No

22.

What is the major management / husbandry system on your farm? Enter a number corresponding
with the management system in the key below .......................................................................Q22.Q

23.

Tethering

1

Free browsing alone

2

Free browsing with a care-taker

3

Free-ranging with cattle

4

Goats are fed in slatted floor houses

5

Hand-fed in enclosed facilities other than slatted floor houses

6

Where are your goats kept at night?
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Questionnaire No.

County_________

Zone____

(a) In a goat house..................................................................

Q23a.Q Yes □ No

(b) In the same house with me ............................................. Q23b.Q Yes □ No
(c) On the verandah................................................................ Q 23cO Yes □ No
(d) Other places......................................................................

24.

Q23d.D Yes □ No

Do your goats come in contact with those o f neighbors? ............................... Q24.D Yes □ No
If yes, when? Tick all that apply.
(a) During breeding................................................................ Q24a.D Yes □ No
(b) During browsing................................................................ Q24b.Q Yes □ No
(c) At water points .................................................................. Q24c.D Yes □ No
(d) Other places ........................................................................ Q24d.D Yes □ No
(e) All the tim e.................................................................................... Q24e.D Yes □ No

25.

Who spends the most time caring for your goats? Tick only one.
(a) Yourself............................................................................... Q25a.Q Yes □ No
(b) Your children .................................................................... Q25b.D Yes □ No
(c) Hired caretaker.................................................................. Q25c.D Yes □ No
(d) Other, specify

26.

27.

Q25d.

What is the main source o f feed for^our goats? Tick only one.
(a) Browse

o

(b) Commercial feeds

□

(c) Home-mixed feeds

a

(d) Other

□S p e c ify ....................................................................

Do you supplement your goats with any o f the following? Tick feed types that apply.
(a) Commercial concentrates

□ Yes □ No

If yes what type__________

(b) Home-made concentrates

□ Yes □ No

If yes what type__________

(c) Home-grown legumes
(d) cut-forages
28.

□ Yes □ No If yes specify type_
□ Yes □

No If yes specify type_

Did you experience shortages in goat feeds (e.g forages, concentrates) in the following months?
(a) Jan. - March ........................................................................ Q28a. □ Yes □ No
(b) April - J u n e .......................................................................... Q28b. □ Yes □ No
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Questionnaire No.

County_________

Zone____

(c) July - September

Q28c. □ Yes □ No

(d) Oct. - Decem ber.................................................................. Q28d. □ Yes □ No
29.

N/A

During times o f inadequate feeds for your goats, how do you manage the shortages?
(a) Prepare fodder

in

advance

Q29a. □ Yes □ No

(b) Buy commercial fe e d s ...................................................... Q29b □ Yes □ No
(c) Reduce the number of goats ........................................... Q29c □ Yes □ No
(d) I do nothing
30.

Q29d □ Yes □ No

Do you provide minerals (salts etc) to your goats? ........................................... Q30. □ Yes □ No
If yes, what kind and how often? Tick all that apply.

Frequency of feeding salt
Type o f mineral preparation

Tick type o f mineral
provided

AH the time

Once a week

Once a
month

Common salt
Commercial salt-licks
Other mineral preparations

31.

If you feed minerals, where do you get them from?

32.

Do your goats get drinking water from the following sources? Tick all that apply.
(a) Communal streams / lakes / valley dams /boreholes

. Q32a. □ Yes □ No

(b) Household water supply...................................................... Q32b. □ Yes □ No
(c) Water provided in the goat houses

33.

Q32c. □ Yes □ No

Are the following factors constraints in your management system? If yes rank them from 1-6,
one being most important constraint and 6 least important. Please write the rank in the table.

Constraint

Goat
diseases

Nutrition

Predators

Thieves

Lack o f
veterinary
care

Rank
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Inadequate
finances for
farm operations
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Questionnaire No.

*, y

34.

County_________

"-V

>v

'V

~

•<■ :-*s-x •

' <- ':•:

"

■ •••;•

- -V "

Zone____

■

*■v « -

>

s-* y> i

-■ -V

s

a:

-

What goat breeds do you currently maintain on this farm? Please give the number o f each
breed.

Breed

Response

(i) M ubende

Number of goats

□ Y es

_______________

□ No

(ii) Small East African

□ Y es □ No

_______________

(iii)(a) Exotic / cro sses

□ Y es □ No

_______________

(b) If yes, which exotic breeds do you have? Circle all that apply.
(1) Toggenburg

(2) Boer

(4) Anglo-Nubian

(5)Angora

(3) Alpine

(iv) Other local breeds, specify
35.

How do you obtain your (goat) breeding stock? Circle all that apply.
(a) R aise replacement stock from your own herd ................................. Q35a. □ Yes □ No
(b) Buy from fellow farmer(s) .......................................................................Q35b. □ Yes □ No
(c) Buy from the market ................................................................................ Q35c. □ Yes □ No
(d) Other

36.

At this time how many goats are on this farm?

37.

Who owns the goats on this farm? Tick all that apply.
(a) Are all goats y o u r s..................................................................................... Q37a. □ Yes □ No
(b) Do so m e belong your family m e m b e r s ............................................... Q37b. □ Yes □ No
(c) Do so m e belong to non-family m em bers ...........................................Q37c. □ Yes □ No
(d) Goats belong to an institution or company (e.g partners) ........................Q37d. □ Yes □ No

38.

(a). For your current herd, what is the herd structure?
Total females
Does

Totalmales___________Kids
Intactbucks

Castrates

(b). What problems do you experience with a high a number o f intact males in the herd?_______
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Questionnaire No.

County_________

Zone____

(c). Why do you castrate? Tick all that apply. Reduce number of intact males / reduce odor /
fatten / other____________
39.

(a) Since this time last year, have you experienced any
abortions?.........................................................................................................Q39a □ Yes □ No
(b) If yes, how many goats aborted? .............................................................Q 39b.

Aborted

40.

O f the goats you have on this farm now, how many were brought into this herd from outside?_

41.

How many acres o f land are available for goats on your farm?.............................Q 41.____ Acres

42.

Is this land owned by you alone or its shared?

43.

For how long have you been in goat farming?_________ years.

44.

If you get income from goats, would you consider the income from goats to be a minor or major
part o f your total income?

45.

Q 42. □ Alone □ Shared

........................................................................ Q 44. □ Minor □ Major.

(a) Are there any other livestock on this fa rm ? ............................................ Q 45a. □ Y es □ No
(b) if y e s what kind? Enter a number(s) corresponding with the s p e c ie s below Q 45a._
Cattle = 1; S h eep = 2; Pigs = 3; Poultry = 4 ; All = 1 - 4 ; Other 6 ___

If answer to question 45 (a) is no, would you like to indulge in other
livestock farming? ........................................................................................................... Q46. □ Y es □ No
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Would you like to receive a results from this study? □ Yes

□ No.

If yes. please give us your address:
Surname name:

______________________________________________

Given name:

______________________________________________

District:

Mbarara

Soroti
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Questionnaire No.
County:

County_________

Zone____

_____________________________________________

Location (LC I zone):
P. O. Box:

_____________________________________________

Town:

_____________________________________________

Thank you very much for your co-operation. We would be very glad to answer any questions that you
may have.

129

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

APPENDIX 3
ANIMAL-LEVEL QUESTIONNAIRE FOR RECORDING INFORMATION ON
INDIVIDUAL GOATS SAMPLED IN THE GOAT HEALTH AND
MANAGEMENT STUDY IN EASTERN AND WESTERN UGANDA
A survey o f health management and prevalence o f selected goat diseases in Uganda—98/99

Animal-level data sheet
Z o n e ________

Questionnaire N o ._______C ou nty_______
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APPENDIX 4
PREVALENCE OF CAPRINE ARTHRITIS AND ENCEPHALITIS VIRUS
ANTIBODIES IN GOATS IN EASTERN AND WESTERN UGANDA:
PRELIMINARY RESULTS
Caprine arthritis and encephalitis (CAE) is a slow disease o f goats caused by a
retrovirus. CAE is characterized by inflammation of joints and the brain. The disease is
prevalent in many countries (Adams et al., 1984). The pathogical changes in CAE include
hypertrophy o f carpal joints, neurological signs, and chronic mastitis (Kennedy-Stoskopf
et al., 1985). Serological tests include Enzyme Linked Immunosorbent Assays (ELISA) and
Agar Gel Immunodiffusion Test. Clinical cases of CAE have been demonstrated in Kenya
(Adams, 1983) and recently antibodies against CAE virus were detected in goats in Uganda
(Siefert, L., 1995, unpub. observ.). Owing to the potential impact o f CAE on goat
production and the awareness o f the increasing number o f imported goats, detection o f
CAE was included in the 1998 survey o f goat health and management (see Chapter 2). The
purpose o f the CAE survey was to determine the distribution of the infection and to
determine the factors associated with its occurrence.
Serum samples from 1518 goats from 145 farms were collected and assayed for
antibodies against CAE virus using a commercial ELISA kit from Bio-Medical
International (Austin, Texas, U.S.A.). Information on management practices on goat farms
was also collected. All goats in this survey were physically examined for presence o f any
detectable clinical disease. The serum samples were run over a period o f three months.
Unfortunately, it was noted that in the last assays positive control serum gave low optical
densities relative to the negative control serum implying a problem in the assay. This could
have been due to the conjugate which could have lost activity, probably as a result o f power
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failure. In this short communication the results o f the first 830 serum samples in which the
ratio o f the positive control OD to negative control OD were in the limits specified by the
manufacturer are reported.
Antibodies against CAE virus were detected in 53.6% (445/830) of the samples tested.
None o f the goats examined presented clinical signs consistent with CAE. Lameness was
observed but was mainly attributed to Amblyoma variegetum tick-bites and damage due to
tethering ropes.
These results although limited, do provide further evidence of the presence of CAE in
Uganda. This antibody prevalence (53.6%) is relatively high, especially given that no
typical clinical cases were detected, but is consistent with prevalence levels of 36-81%
observed in Kenya and the U.S.A. Due to the limitation in the data available, detection o f
associations between management practice variables and CAE status was not pursued.
Further work on CAE in Uganda is needed.
References
Adams, D.S., 1983. Observations on caprine arthritis-encephalitis in Kenya. Vet Rec., 112:
277-228.
Adams, D.S., Oliver, R.E., Ameghino, E., DeMartini, J.C., Verwoerd, D.W., Houwers,
D.J., Waghela, S., Gorham, J.R., Hyllseth, B., Dawson, M., Trigo, F.J. and McGuire,
T.C., 1984. Global survey o f serological evidence of caprine arthritis-encephalitis virus
infection. Vet. Rec., 115: 493-495.
Kennedy-Stoskopf, S., Narayan, O. and Strandberg, J.D. (1985). The mammary gland as
a target organ for infection with caprine arthritis and encephalitis virus. J. Comparative
Pathology, 95:609-607.

132

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

VITA
Dr. Edmond K. Kabagambe was bom in Fort Portal, western Uganda, in 1969, to Mr.
and Mrs. Francis B. Kabagambe. He grew up at Buheesi village where he was involved in
raising dairy cattle as a family business. He attended Nyansozi and Rubona primary
schools where he attained Primary Leaving Examination Certificate. He later joined St.
Leo’s College, Kyegobe, where he attended both ordinary and advanced level education
majoring in physics, chemistry, biology and subsidiary mathematics. He obtained a first
division Uganda Certificate o f Education (U.C.E) and Uganda Advanced Certificate o f
Education (U.A.C.E.) at St. Leo’s College. He then joined the Faculty o f Veterinary
Medicine at Makerere University where he obtained the degree o f Bachelor o f Veterinary
Medicine (BVM) in January 1995. He was then retained in the Department o f Veterinary
Public Health and Preventive Medicine as an Assistant Lecturer. He was then given a study
leave to pursue an master’s degree at the Department of Epidemiology and Community
Health (ECH), Louisiana State University, U.S.A. After completion o f the master’s
program, Edmond worked with the USDA—Centers for Epidemiology and Animal Health
in Fort Collins, Colorado. During his doctoral program, Edmond worked as a Graduate
Assistant in the Department of ECH. During his research, Edmond also worked as a
Lecturer in the Department of Veterinary Public Health and Preventive Medicine at
Makerere University. He likes community work, identification o f risk factors for diseases
and design o f preventive medicine programs for infectious and parasitic diseases. He will
receive the degree of Doctor o f Philosophy in Veterinary Medical Sciences (Epidemiology)
in August 2000.

133

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DOCTORAL EX AM INA TIO N AND D IS S E R T A T IO N REPORT

Candidate:

Edmond Kato Kabagambe

Major Field:

Veterinary Medical Sciences

Title of Dissertation:

A Cross-sectional Study of Prevalence and Risk
Factors for Major Goat Diseases in Eastern and
Western Uganda: Results and Exploration of
Biases

Approved:

EXAMINING COMMITTEE:

Danii

cho

Elzer(

David W. Horohov

Date of Kraeination:
June 20, 2000

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

